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PUMWACM, 



Thi favourable reception given by the 
public, to an Essai/ on the Warming of MilU 
and other Buildings by Sleam^ which I pub- 
lished in 1807*, and the many additional 
facts on the subject, which, since that 
period, have been determined, and the 
further application of this agent to drying 
as well as heating, in various processes in 
calico-printing and other manufactures, 
have induced me to think of publishing 
an enlarged edition of that Essay. 

Reflecting on this subject, and consider- 
ing the materials I had collected on other 
practical applications of heat, it occurred 
to me, that I might extend my plan to a 
series of Essays on the Economy of Fuel and 
Management of Heat. 



lilt of this Pamphlet, tee Philosophical Maguia< 
sophlcal Journil, Monthly MBgaiine, and vatioi 
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In order to clear the way for these prac- 
tical inquiries, it seemed proper, to give 
such a view of some of the principal laws 
which regulate the phenomena of heat, as 
would, by the help of references, enable the 
reader the better to understand the nature 
of the facts and observations which would 
occur in the subsequent parts of these in- 
quiries. To this purpose, I have accord- 
ingly devoted the first part of this Essay. 



Originally, I had no intention to make 
this introductory part so large as it now 
is, but in pursuing the subjects which it 
contains, it appeared to me, that to era- 
brace the objects of my intention, it: could 
not easily be made less. It would, per- 
haps, not conduce to my credit as a writer, 
were I to tell the trouble this part has cost 
me; and, after all my labour, I fear it will 
be thought by many, a mere compilation. 
But I was more anxious to make a useful 
than an elegant book, and, therefore, have 
attempted, in a small compass, to bring 
into view, all the practical knowledge that 
1 could find on subjects, which I thought 



could be beneficial to a valuable class of 
men, whose time being otherwise fully- 
occupied, have neither leisure, opportunity, 
nor inclination, to search into numerous, 
and often costly volumes. If I have suc- 
ceeded in this imention, my labour has 
not been in vain. Nor will general readers, 
I trust, deem this part altogether unworthy 
their notice, having endeavoured in it, to 
give a concise view of the late important 
discoveries made by Professor Leslie and 
others, respecting heat. 

The opportunities which I have had, of 
conversing and corresponding with several 
of these writers, as well as with other men 
of science, whose pursuits have been more 
immediately practical, I have endeavoured 
to turn to the advantage of the reader. 
In the " Additions and Corrections," I 
have studied to correct such errors or 
mistakes as have occurred in the course 
of this Essay, 



The advantages which this island enjoys 
over other countries, from the abimdance 



of coal, are too well known to require to 
be here enumerated. But in many other 
things we labour under much disadvantage, 
which should stimulate us to cherish this 
superiority which we enjoy over the nations 
on the Continent of Europe. The economy 
of fuel becomes a subject of increasing 
importance, from the increasing price of 
labour, which would require exertion to 
counteract its effects on our commerce and 
manufactures. Every attempt, therefore, 
to save fuel, merits attention; and the 
subject opens a wide and important field 
for investigation. 

It is not the saving only of fuel which 
merits attention, but its safe^ easy^ and 
healthful application to the various pur- 
poses of life. 



The recent destruction by fire, of St. 
James's Palace, and of the two largest 
Theatres in the kingdom, has directed 
much of the public attention to the ren- 
dering of buildings less subject to so 
dreadful a calamity. In this important 
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respect, no means of heating buildings has 
yet been devised, so good as that by steam, 
and from its novelty, none is yet so par- 
tially known or understood. I have, there- 
fore, been induced to make it the princi- 
pal subject of this Essay. 

It consists of Three Parts, the first of 
these I have already mentioned. The 
Second Part relates to tlic application of 
steam to the heating of buildings of vari- 
ous descriptions, such as dwelling-houses, 
manufactories, and public buildings. The 
Third Part treats of the application of this 
agent to drying of goods, as well as to 
further matters relative to heating. Its 
excellent effect in preserving brilliancy of 
colour, in drying goods, is there proved 
by strong facts; — a consideration of much 
importance in many of our manufactures. 



I must crave the indulgence of the pub- 
lic, for any want of unity, and other im- 
perfections, which will too readily appear 
in the vrhole of this Essay. I have to 
plead, that it was written at many differ- 



ent and distant intervals, occasioned" by- 
interruptions from professional engage- 
ments, as well as from other and more 
irksome causes, with a detail of which I 
shall not trouble the reader. 

With regard to the subject of heating 
by steam, I beg leave here further to re- 
peat the Preface to the Publication to which 
allusion is made at the beginning of this 
introduction. 

" In a country like Britain, where man- 
ufactures are more generally collected and 
combined in large establishments, than 
dispersed through individual dwellings; 
the production and diffusion of the warmth 
necessary for the health and comfort of 
the workmen, as well as for the prosecu- 
tion of the different processes, become 
objects of the first national Importance. 

" The excessive expense of insurance, 
arising from the combustible nature of the 
materials of the cotton manufacture in par- 
ticular; the great difficulty of retrieving the 



injury resulting to a well established busi- 
ness, from the accidental destruction of 
machinery; and the frequent alarms from 
fire, in our powder-mills, arsenals, and 
dock-yards, furnish the strongest economi- 
cal, as well as political recommendations, 
for the more general employment of steam 
for the purpose of warming buildings. 

" The very limited degree in which 
steam has yet been applied to this pur- 
pose, might surprise us, did we not recol- 
lect, that the steam-engine itself, altliough 
known, perhaps, even before the time of 
the celebrated Marquis of Worcester, 
has only, within a very few years, by the 
ingenious improvements of Mr. Watt, 
been extensively introduced. The fre- 
quent and various use of steam, to which 
Mr. Watt's improvements have given 
rise, in different departments of manufac- 
ture, have fiu'nlshcd accidental results of 
great value, which are frequently little 
known to the merely scientific inquirer. 
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" The observations which 
has been enabled to make, on various con- 
trivances throughout the kiugdom, for 
heating by steam, modified by his own 
experience, have led him to beUeve, that 
the following remarks on this important 
subject, would not be altogether undeserv- 
ing the notice of the public 

" He, however, lays no claim to origin- 
ality, nor does he pretend to give informa- 
tion to men of science, his object is merely 
to make such a collection of facts, as may 
be useful to those who wish to put in 
practice the warming of buildings by 
steam. 

" In making this collection, he has been 
much indebted to the assistance of some 
friends, without the aid of whose ingenu- 
ity and experience, his readers would have 
had still more reason to lament its defi- 
ciency. 

" Those who are most qualified to esti- 
mate the importance of such investigation. 
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can best appreciate their difficulty, and 
will, most readily and candidly, pardoa 
the unavoidable impertection of this at- 
tempt; the chief object of which, is less to 
satisfy curiosity, than to direct the atten- 
tion of the public, to the farther prosecu- 
tion of an inquiry, not less cxirious tlian 
useful. " 

I shall now proceed to give an account 
of the origin and progress of this applica- 
tion of steam. 

Ati Account of the Origin ajid P7-ogrcss of the 
Application qf^ Steam, to tlie purpose of Heat- 
ing Buildings. 

In the Philosophical Transactions for the 
year 1745, Colonel William Cook suggests 
die idea of warming rooms by steam. But 
it does not appear that he ever attempted 
to reduce it to practice. And although 
Count Rumford, in the third number of 
the Journals of the Royal Institution, men- 
tions, that " this scheme has frequently 
" been put in practice with success, in this 
** country, as well as on the Continent," 
b 



I bare ooc been able to learn, dut znj 
ditng of impcvtattce was done, previoudy 
to the tue of sceam in warmiog cocknw 

Hulls*. 

It is aataral to suppose, chat Mr. Watt's 
tftentioa to other applications of steam, 
would lead him to the consideration of the 
particular subject of heating buildings. 
Soch was indeed the case. The period at 
which be used steam for wanning the 
room in which he commonly wrote, was 
1784, or 5, probably the winter between 
dtese two years. The room was about 18 
feet ItMig, by 14 feet wide, and 8i feet 
high; and the apparatus consisted of a 
boK, or heater, made of two side-plates of 
tinned iron, about 3i feet long, by 2* wide, 
kept at the distance of an inch asunder, by 
means of stays, and joined round the edges 
by other tin-plates. This box was placed 
upon its edge, near the floor of the room, 
and furnished with a cock to let out the 
air, and with a pipe, proceeding from its 



A patent for hociiig bjr ttcaro wa> grmted to John Ho; le, dated 7tk 
Inlj, 1791 1 and to JoKph Greco, lUted 9th Deceinber, 17S^. 



lower edge to a boiler in an under apart- 
ment, which pipe served to convey the 
steam, and return the water. The effect 
produced by this apparatus, was less than 
Mr. Watt had calculated, which, perhaps, 
may now be explained by Professor Leslie's 
experiments on the heat transmitted by 
polished surfaces. 
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Mr. Boulton heated a room in his man- 
ufactory by steam, soon after this time; 
but the very infirm state of his health at 
this moment, prevents me from obtaining 
accurate information concerning it *. He, 
however, heated his bath by steam, a few 
years later, I believe about the year 1789, 
which he continued to do from that period, 
until a very short time ago. 

Towards the end of the year 1794, he 
assisted the late Marquis of Lansdown, to 
improve an apparatus, erected by a Mr. 
Green, for warming his library, by means 
of air heated by steam; but the use of it 
was afterwards abandoned, owing, I be- 
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It writtjn previouily to Mr. Boulton*! death. 



iieve, to some defect in the pipes or joints. 
About a twelvemonth later, in the winter 
of 1795-6, Mr. Boulton directed the erec- 
tion of a similar apparatus, for his friend 
Dr. Withering's library, which, in point 
of heating, answered perfectly; but the 
pipes being made of copper, and soft sol- 
dered in some places, the smell of the 
solder was rather unpleasant to the Doctor, 
who was then in an infirm state of health 
with diseased lungs. The apparatus was, 
in consequence, removed to Soho, where 
Mr. Boulton proposed erecting it in his 
own house, in which he was making al- 
terations about this time, and had it in 
view, to heat every room in the house by 
steam. A boiler was put up for that pur- 
pose, in one of the cellars, but some cir- 
cumstances occurred, to prevent his con- 
tinuing the plan. The subject, however, 
underwent frequent discussions, and the 
different modes of effecting it, were amply 
considered by Messrs. Boulton and Watt, 
as was known to many of their friends, 
no secret having been made, either of cal- 
culations of surface, or of the modes of 
applying them. 
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About the end of the ye^r 1799, Mr. 
Lee of Manchester, having a large increase 
of his cotton-mill in vit-w, consulted with 
Messrs. Boulton and Watr, relative to tlie 
best mode of heating it by steam; and, in 
the course of the subsequent year, he 
erected his present apparatus of cast-iron 
pipes, acting also as supports to the floor, 
which answered perfectly, and was, both 
in point of the materials used, and of the 
construction adopted, as far as I know, the 
first of the kind. I may add, that though 
the construction has been frequently imi- 
tated by others, I have never heard of any 
material improvement having been made 
upon it. From that period, many appara- 
tus were constructed by them, in some of 
which, apphed to old buildings, the pipes 
were conducted horizontally through the 
rooms, with other variations of little im- 
portance. 




It may not be improper here to add, the 
vats, &c. of the dye-house of Messrs. 
Wormauld & Gott, of Leeds, were heated 
by steam, under the direction of Messrs. 



Boulton & Watt, in the year 1799. The 
apparatus was planned in August of that 
year, and set to work either in the course 
of it, or early in the succeeding one. The 
history of that establishment has been 
very incorrectly given, in the Journals of 
the Royal Institution, for 1801. 

The merit of the first application of > 
steam, to the heating of buildings in Scot- 
land, belongs to Mr. Snodgrass. He in- 
troduced it* into the cotton-work, which 
Messrs. Dale & M'Intosh established on 
the banks of" the Spey f . 
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Soon after this period, Mr. Houldsworth 
of Glasgow, used it with great success. 
His example has been followed by several 
other respectable cotton-spinners. 

Steam was soon afterwards applied to 
warm buildings, appropriated to the pur- 
poses of calico-printing. Mr. Richard 



:o ihink, without the knov- 



• In the year 1799, and, there is reason 
Irdge of what had been done in England. 

+ See Phiioiophital Magaiinefor March, 1807. 



Gillespie, in his calico-works at Anderston, 
was induced very early to use it in his 
warehouse for finished goods, and has 
since been gradually extending it through 
other parts of his works *. It has also 
been adopted by some calico-printers in 
England. 

Messrs. W. Stirling & Sons are at present 
getting steam apparatus fitted up for their 
extensive calico-printing works at Cordale. 

In Ireland, Messrs. Orr have introduced 
it at their works, at Stratford upon Slainy. 
It is also gradually finding its way into 
the cotton-mills in that kingdom. 

Messrs. Oakley & Co. cabinet-makers, 
London, have heated their premises by 
steam; and Messrs. James Ballantyne & 
Co. have applied it to the heating of their 
printing-office iu Edinburgh. 



L 



In the introJuctioii to iho Third Part of this Enay, t]i«e ii 
:CiDg the ipplicition of steam to the puqiusc of Jr/iag 
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SECTION L 

1. JjEFORE proceeding to the more prac- 
tical parts of the economy of fiiel, in order 
to establish our inquiries on solid grounds^ 
it will be proper here, to take a view of 
fifome of the principal laws which regulate 
the phenomena of heaL 

A 



Z EFFECTS OF HEAT. 

The most eminent philosophers of the 
present age, are not yet agreed respecting 
the nature of heat, nor can any of them yet 
give to a plain inquirer a satisfactory an- 
swer to this simple question. What is heat? 
While some consider it as merely a state or 
condition of which all bodies are susceptible; 
others conceive that heat is a material sub- 
stance — an elastic fluid, extremely subtile 
and active. 

I shall not take up the reader's time, 
by attempting to investigate the merits of 
those opinions, since it is of no consequence 
to our present purpose, which of the parties 
is in the right. 

But although we may not be able to 
comprehend the nature of heat, we may 
arrive at the knowledge of many of its 
effects, and so classify and arrange these, 
as to adapt them to many useful purposes 
in common life. 
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EFFECTS OF HEAT. 



OF HEAT. 



2. The term keaty as used in common 
iang;uage, is ambiguous, being applied to 
express either a certain sensation, or the ex- 
ternal cause which excites that sensation. 
It is in this last sense only, that we are at 
present to consider it; and to this meaning 
of the term Aeaty the authors of the New 
French Chemical Nomenclature, have given 
the definite name of caloric *. 

"3. " When all surrounding bodies are of 
one temperature, then the heat attached to 
them is in a quiescent state; the absolute 
quantities of heat in any two bodies, in 
this case, are not equal, whether we take 



• " The tem c^di-/c hat been adopted in ihc New Nomenclature, Co 
Avoid Ihat ambt^ity and misconception which might, it in Hitjd, vide 
from employing the rame term to erpre» a gubnance, and the ktiu- 
lion produced by the action of chut substance. By the latiie mode □( 
reasoning, alt the labilanlivrs should be changed, iu atiy language that 
has elmilar virii. But tuppoK the argument, for change, in the pre- 
tent inttance, lo have full force in some languages, it ha) Utile or none 
with regard to (tie English, which employi the word nsrmlh lo elprCK 
the unsauon occssianed by htat, 1 ihall, however, use the [ernis heal 
and caloric indifferently." 

TiUtck't Piilat/i*"'' MtpiaiBi, vol. B. f. 7J 




4 EFFECTS OF HEAT. 

the bodies of equal weights, or of equal 
bulks. Each kind of matter has its peculiar 
affinity for heat, by which it requires a 
certain portion of the fluid, in order to be 
in equilibrium with other bodies at a cer- 
tain temperature*," Thus, when the heat 
of a room is increased, the various bodies 
contained in it will attract and retain dif- 
ferent quantities of heat. This property 
seems to indicate the materiality of caloric, 
since, though in a quiescent state, it exists 
in bodies in different proportions, modified 
neither by their density nor form, but by 
some innate and peculiar force of attraction, 
resembling chemical affinity. To express 
this faculty, the term capacity for heat was 
invented, and employed by the British 
philosophers; the name specific caloric being 
used for the same purpose, by those on the 
Continent. 

However various the capacities of bodies 
for heat may be, yet, in consequence of the 
perfect elasticity of this power, it will 
speedily acquire the same tension in them 

• DahoD'i Chemical Philoiophy, p. E, 
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EFFECTS OF HEAT. 5 

all; or, like a number of tubes of different 
magnitudes, but narrow apertures, plunged 
into the same vessel of water, it will soon 
stand in each at the same height or level, 
though the absolute quantity in them be 
very different. Now, it muse evidently be 
a desirable object, with the philosopher, 
to obtain some means of estimating this 
tension, or height, or degree of tempera- 
ture, as it is technically termed. 



Of Tfiermometcrs, 

4. The thermometer was invented early 
in the 17th century, but, like many other 
useful contrivances, its real author has 
never been ascertained. The first form of 
this instrument was the air thermometer. 
The air was confined in a tube by means 
of some coloured liquor, and the liquor 
rose or fell in the tube, accordingly as the 
air became expanded or condensed. It was 
found, however, to be very defective. The 
expansion of spirit of wine was next used, 
but still thermometers had a great defect; 
the scale did not commence at zny Jixed 



EFFECTS OF HEAT. 



point. While they laboured iinder this 
disadvantage, they could not be of general 



The subject which next drew the atten- 
tion of philosophers, was to obtain some 
fixed unalterable points^ by w^hich a deter- 
minate scale might be formed, so that all 
thermometers might be accurately adjusted 
to one standard. These important points, 
on which the accuracy and value of the 
thermometer depends, although previously 
discovered by Dr. Hooke *, seem first to 
have been practically applied by Sir Isaac 
Newton. He chose, as fixed, those points 
at which water freezes and boils; the very 
points which the experiments of succeeding 
philosophers have determined to be the 
most fixed and convenient. Sir Isaac 
Newton used lintseed oil in his thermom- 
eter, which was constructed in 1701. 
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5. Oil, however, was found to have 
many imperfections. At length a different 



* D[. Robert Hooke diicovered the pennaueacy of the I 
nf freezing in 1664, and of bailing water in 1694. 



EFFECTS OF HEAT. / 

fluid was proposed, by which thermometers 
could be made free from most of the defects 
alluded to. This fluid was mercury, and 
seems first to have occurred to Dr. Halley, 
about the end of the 17th century, but was 
not adopted by him, on account of its hav- 
ing less expansibility than the other fluids 
then in use for thermometers. The honour 
of this Invention is commonly given to 
Fahrenheit of Amsterdam, who presented 
an account of it to the Royal Society of 
London, in 1724. 

6. Fahrenheit's thermometer consists of 
a slender cylindrical tube, and a small bulb. 
To the side of the tube is annexed a scale 
which Fahrenheit divided into 600 equal 
parts, beginning with that of the severe 
cold which he had observed in Iceland, in 
1709, or that produced by surrounding 
the bulb of the thermometer with a mix- 
ture of snow with sal-amoniac, or with 
sea-salt. The point at which mercury be- 
gins to boil, he made the other limit of his 
scale. By trials, he found that the mercury 
stood at 32° on his scale, when snow or 
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ice just begins to thaw, which was, there- 
fore, called the freeing point. When the 
tube was immersed in boiling water, the 
mercury rose to 212% which was, therefore, 
denominated the boiling pointy and is just 
180" above the freezing point. 

7. But the present method of making 
these thermometers, is to immerse the bulb 
in melting ice or snow, and mark the place 
where the mercury stands with the num- 
ber 32°, then immerge it in boiling water, 
and again mark the place where the mer- 
cury Btands in the tube, which indicates 
the position of 212°. Dividing, therefore, 
the intermediate space into 180 equal parts, 
will give the scale of the thermometer, and 
which may afterwards be continued upward 
and downward at pleasure. 

8. These fixed points are now universally 
chosen for adjusting thermometers to a 
scale, but it is well known that the point 
at which water boils is not invariable. It 
varies some degrees, according to the weight 
and temperature of the atmosphere. 



I 
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9. In order, therefore, to insure uni- 
formity in the construction of thermom- 
eters, it is now agreed, that the bulb 
of the tube be suspended in the steam 
when the water boils violently, the barom- 
eter* standing at 30 English inches, which 
is its mean height round London, and the 
temperature of the atmosphere 55° f. 

10. Fahrenheit's thermometer is now 
universally used in this kingdom. See 
Fig.l. 

The centigrade thermometer, or that of 
France, since the Revolution, places Zero, 
or 0, at the freezing point, and divides the 
range between it and the boiling point 
into 100". This has been long used in 



• I luppoie the reader to be prewously acqiiainled with the doctrine 
•[ the fittmri of ikc aimos/iluri, and the conttruclioQ o( the haromder. 
If not, as it i> neceusry to the right understanding of the following 
parli of this Enay, I beg leave to refer to Gregory'i Mechatiicg, voL 2. 
p. Wl, or aIniDit aoy other of the elemetitarj Treatises on Natural 
Philo9aphy. 

f See the Report of the Cominiltee for udjusting Thermometern. 
Philwophical Trunactions, Tol. LXVll. 
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Sweden, under the title of Celsius's ther- 
mometer. See Fig. 2. 

11. Reaumur's thermometer, which was 
formerly used in France, divides the space 
between the freezing and the boihng of 
water, into 80 degrees, and places the 
Zero at the freezing point. Fig. 2. 

12. Mr. Murray has suggested a scale 
which, he conceives, would be much more 
convenient than that of Fahrenheit. He 
uses, as fixed points, those of the freezing 
and boiling of mercury, and divides the 
intermediate space into one thousand 
parts, or degrees *. See Fig. 3. 

13. The expansion which is observed in 
a mercurial thermometer, is, in reality, 
only the difference of expansions of mer- 
cury and of glass. 

14. It has long been supposed, that the 
equal divisions on Fahrenheit's scale, did 



H equai divi 



'i Chemistry, voL i. p. 153. 
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not point out the real equal increments 
(or degrees of equal increase) of tempera- 
ture. This circumstance was not over- 
looked by Dr. Black, who illustrates it in 
the following manner; " If a string be 
stretched, by suspending a moderate 
weight to it, and we add one pound to 
that weight, we shall make k a little 
longer; but by adding a second pound, 
we shall not add as mucli more to the 
length of the string as the first pound 
added, nor will a third pound produce so 
much eiFect as die second pound. In like 
manner, we can imagine, that when a 
thermometer receives a series of equal ad- 
ditions to its heat, these may not produce 
equal increments of expansion; and, there- 
fore, that equal increments of expansion 
may require for their production, Incre- 
ments of heat, very unequal among them- 
selves. This question has been over- 
looked, or little attended to, by some of 
the principal writers on thermometers. It 
does not appear to have occurred to Dr. 
Boerhaave, and Dr, Martin gives very little 
attention to it. I began to attend to it. 
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and made an experiment to decide it in 
the year 1760, and did not then know that 
others had thought of it; but I soon 
learned, that Boyle, Renaldini of Padua, 
Wolfius, Dr. Halley, Sir Isaac Newton, 
and Dr. Brook Taylor, had severally given 
their opinions or doubts concerning this 
question*." 

The result, however, of Dr. Black's 
inquiry was, " that equal additions, or 
abstractions of heat, produced equal varia- 
tions of bulk, in the liquor of the thermom- 
eters employed by him, and, therefore, 
that the scale of expansion was also a scale 
of heat f, or, at least, that there was but 
*' a little deviation from the exact propor- 
tion," 

" M. De Luc," says Mr. Dalton, " found 
that in mixing equal "weights of water, at 
the freezing and boiling temperatures, 32' 
and 212°, the mixture indicated nearly 

• Vide BUck'i Leclorei, vol. i. p. 56 and 57. 
t Black's Lecturee, vol. i. PreEict, p. xiiii. 




I 



EFFECTS OF HEAT. 



13 



119° of Fahrenheit's thermometer, but the 
numerical mean, or average, is 122°. If 
he had mixed equal bulks of water at 32* 
and 212°, he would have found a mean of 
115 V' 



I 



15. " It is not improbable, that the true 
mean temperature between 32° and 212°, 
may be as low as 110" of Fahrenheit *". 

We are indebted to Mr. Dalton, for 
farther investigating this intricate subject, 
and he has formed a scale which, he con- 
ceives, will correspond with the increments 
of heat; and, as this is an important part 
of our subject, 1 shall here give some 
extracts with relation to it, from his late 
valuable publication. 

16. " In the present imperfect mode of 
estimating temperature, the equable expan- 
sion of mercury is adopted as a scale for 
its measure. This cannot be correct, for 
two reasons: 1st, The mixture of water of 



Dalton 'i Chemical Philosophy, p. 1 
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difFerenc temperatures, is always below the 
mean by the mercurial thermometer; for 
instance, water of 32° and 212" being 
mixed, gives 1(9° by the thermometer; 
whereas, it appears, from the preceding 
remarks, that the temperature of such 
mixture ought to be found above the 
mean 120°. 2d, Mercury appears, by the 
most recent experiments, to expand by the 
same law as water, namely, as the square 
of the temperature from the point of 
greatest density. The apparently equal ex- 
pansion of mercury, arises from our taking 
a small portion of the scale of expansion, 
and that at some distance from the freez- 
ing point of the liquid. 

17. " From what has been remarked, it 
appears, that we have not yet any mode, 
easily practicable, for ascertaining what is 
the true mean between any two tempera- 
tures, as those of freezing and boiling 
water; nor any thermometer which can 
be considered as approximating nearly to 
accuracy. 



1 

J 
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18. " Heat is a very important agent in 
natyre; it cannot be doubted, that so active 
a principle must be subject to general laws. 
If the phenomena indicate otherwise, it is 
because we do not take a sufficiently com- 
prehensive view of them. Philosophers 
have sought, but in vain, for a body that 
should expand uniformly, or in arithmeti- 
cal progression, by equal increments of 
heat; liquids have been tried, and found 
to expand unequally; all of them expand- 
ing more in the higher temperatures than 
in the lower, but no two exactly alike. 
Mercury has appeared to have the least 
variation, or approaches nearest to uniform 
expansion, and on that and other accounts, 
has been generally preferred, in the con- 
struction of thermometers. 



19. " Some time ago, it occurred to 
me as probable, that water and mercury, 
notwithstanding their apparent diversity, 
actually expand by the same law, and 
that the quantity of expansion is as the 
square of the temperature, from their re- 
spective freezing points. Water very 
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nearly accords with this law, according t® 

the present scale of temperature, and the 

little deviation observable, is exactly of 

the sort that ought to exist, from the 

known error of the equal division of the 

rmercurial scale. By prosecuting this in- 

r quiry, I found that the mercnrial and 

► -water scales, divided according to the 

m* principle just mentioned, would perfectly 

ji accord, as far as they were comparable, 

I'and that the law will probably extend to 

i all other pure liquids, but not to hetero- 

•*genous compounds, as liquid solutions of 

[ salts*." 

20. " However, it now appears, that the 
force of steam, in contact with water, in- 
creases ACCURATELY in geometrical pro- 
f gression, to equal increments of tempera- 
l ture, provided those increments are mea- 
I sured by a thermometer of water or mer- 
licury, the scales of which are divided 
f*ccording to the above-mentioned law. 



• Dalton's Chemical Philoiophy, p. P 
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21. " The force of steam having been 
found to vary by the above law, it was 
natural to expect that of air to do the same; 
for, air (meaning any permanently elastic 
fluid) and steam are essentially the same, 
differing only in certain modifications. 
Accordingly, it was found upon trial, that 
lur expands in geometrical progression to 
equal increments of temperature, measured 
as above. Steam detached from water, by 
which it is rendered incapable of increase 
or diminution in quantity, was found, by 
Gay Lussac, to have the same quantity of 
expansion as the permanently elastic fluids. 
i had formerly conjectured that air expands 
as the cube of the temperature from absolute 
privation, as hinted in the essay above- 
mentioned; but I am now obliged to 
abandon that conjecture. 



22. " The union of so many analogies, 
in favour of the preceding hypothesis of 
temperature, is almost suiEcient to establish 
it; but one remarkable trait of temperature, 

L derived from experiments on the heating 
and cooling of bodies, which does not ac- 
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cord with the received scale, and which, i 
nevertheless, claims special consideration, 
is, that a body in cooling loses heat in propor- 
tion to its excess of temperature above that of 
the cooling medium; or that the temperature 
descends in geometrical progression in 
equal moments of time. Thus, if a body 
were 1000° above the medium; the times 
in coohng from 1000" to 100, from 100 
to ZO, and from 10 to 1°, ought all to be 
the same. This, though nearly, is not 
accurately true, if we adopt the common 
scale, as is well known; the times in the 
lower Intervals of temperature are found 
longer than in the upper; but the new 
scale proposed, by shortening the lower 
degrees, and lengthening the higher, is 
found perfectly according to this remark- 
able law of heat. 

23. " Temperature then will be found 
to have four most remarkable analogies 
to support it. 



" 1st. All pure homogenous liquids, as 
water and mercury, expand from the point 
of their congelation, or greatest density, 
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quantity always as the square of the tem- 
peratvire from that point. 

" 2. The force of steam from pure 
liquids, as water, ether, &c. constitutes a 
geometrical progression to increments of 
temperature in arithmetical progression. 

" 3. The expansion of permanent elastic 
fluids, is in geometrical progression to 
equal increments of temperature. 

" 4. The refrigeration of bodies is in 
geometrical progression in equal incre- 
ments of time. 

" A mercurial thermometer graduated 
according to this principle, will differ from 
the ordinary one with equidifferential 
scale, by having its lower degrees smaller, 
and the upper ones larger; the mean be- 
tween freezing and boiling water, or lSi2° 
on the new scale, will be found about 1 10° 
on the old one. — The following table ex- 
hibits the numerical calculations illustra- 
tive of the principles inculcated above *." 



* Datton's Chemical Philosophy, p. 
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TABLE. 



24. 



I. 


II. 


III. 


IV. 


V. 


Traee. 
^■alin-' 


|r«mMBaa 


of air in 


aooof 


Force of 
vapdvof 


1 FafarcB- 


fcrpak 


hrittKale; 
or pfeoBO- 


_____• 


square 
oTtcoi- 


cal pn>. 


al pro- 


cntve. 




Ratio 
1/)179. 






tsre. 


Ratio 




■ooafgbH 






1^21. 
locbesof 


—175c 


^0 


692— 






— 68C 


—21.12 


837.6 




JD12 


— 58 


— 17.06 


852.5 




JD16 


— 48 


—12.96 


867.7 




sm 


— 88 


— 8.52 


883w3 




J028 


— 28 


— 3.76 


899^— 




JOBS 


— 18 


1.S4 


915.2 




.050 


— 8 


6.78 


931.5 




.066 


9 


12.63 


948.2 


16 


.087 


12 


18.74 


965.2 


9 


.115 


22 


25.21 


982.4 


4 


.151 


S2 


32» 


1000 


1 


.200 


42 


39.3 


1017.9 





.964 


52 


47.— 


1036.1 


1 


348 


62 


S5.^ 


1054.7 


4 


.461 


72 


63.3 


1073.5 


9 


.609 


82 


72.— 


1092.7 


16 


.804 


92 


81 


1112.3 


25 


l/)69 


102 


90.4 


1132.2 


36 


1.40 


112 


100.1 


1152.4 


49 


1.85 


122 


iia— 


1173.1 


64 


2.45 


182 


i2ai 


1194.— 


81 


3.24 


142 


130.4 


1215.4 


100 


4.27 


152 


141.1 


1237.1 


121 


5.65 


162 


152.— 


1259.2 


144 


7.47 


172 


163.2 


1281.8 


169 


9.87 


182 


175.— 


1304.7 


196 


13.02 


192 


186.9 


1328.— 


225 


17.19 


202 


199.— 


1351.8 


256 


22.70 


212 


212.— 


1576.— 


289 


30.00 


312 




1643 




485.— 


412 




1962 






512 




2342 






612 




2797 






712 




8339 
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Explanation of Ike Table. 
25. Column I, contains the degrees of 
temperature, of which there are supposed 
to be 180, between freezing and boiling 
water, according to Fahrenheit. By com- 
paring this column with the II. the cor- 
respondences of Mr.Dalton's new scale and 
the common one are perceived; the greatest 
difference between 32° and 212°, is ob- 
servable at 122° of the new scale, which 
agrees with 110" of the old, the difference 
being 12°; but below 32° and above 212* 
the differences become more remarkable. 

The first number in the column, — 175° 
denotes the point at which mercury freezes, 
hitherco marked — 40°. 

By viewing column II. along with the L 
the quantity of the supposed error in the 
common scale may be perceived; and any 
observations on the old thermometer may 
be reduced to the new. See Fig. 1. 



■ Column II. contains the common Fah- 

H renheit's scale. 
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Column III. contains a series of numbers 
in geometrical progression, representing 
the expansion of air, or elastic fluids. 

Column IV. contains the squares of the 
arithmetical series, 1 , 2, 3, &c. representing 
the expansion of water by equal intervals 
of temperature. 

Column V. contains the force of aque- 
ous vapours in contact with water, ex- 
pressed in inches of mercury, at the re- ' 
spective temperatures. 

26. On the construction hitherto de- 
scribed, the thermometer is necessarily 
very limited in its application. When 
made with alcohol, or spirit of wine, it 
may be said, indeed, to measure the greatest 
degrees of cold with which we are ac- 
quainted; but even the mercurial ther- 
mometer measures no higher than 400 
degrees above boiling water, by Fahren- 
heit's scale, or about 250 degrees by Mr. 
Dalton's new scale, at which temperature 
mercury boils. This comes short of red 
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.heat, and is far below the highest attain- 
able temperature. To supply this defi- 
ciency, and to measure high temperatures, 
various methods have been proposed. The 
instruments thus applied to measure high 
temperatures, are usually naxned parameters. 
That which has come into most general 
use, was invented ty the late Mr. Wedge- 
wood; but even on this Instrument there 
is still great room for improvement. 

Wedgewood's pyrometer consists of cy- 
lindrical pieces of clay, composed in the 
manner of earthen ware, and slightly 
baked. When used, one of them is ex- 
posed in a crucible to the heat proposed 
to be oneasured, and after cooling, it is 
found to be contracted in proportion to 
the heat previously sustained; the quantity 
of contraction being measured, indicates 
the temperature. 



The utiUty of this instrument, it was 
obvious, could be increased, by connecting 
it with the mercurial thermometer, and by 
ascertaining the proportional degrees of 
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each. This was accordingly done by Mr, 
Wedgewood. Its scale commences at red 
heat, fully visible in day-light. Its whole 
range is divided into 240 equal degrees, 
each of which is calculated to be equal to 
130° of Fahrenheit. The lowest, or 0, is 
found about 1077° of Fahrenheit (suppos- 
ing the common scale continued above 
boiling mercury), and the highest 32277°. 

In Fig. 4, is given a diagram, which 
may serve farther to illustrate the con- 
nection between the mercurial thermom- 
eter, and that of Mr. Wedgewood. 

The following table exhibits some of 
the more remarkable temperatures in the 
whole range of Reaumur, Fahrenheit, Cel- 
sius, and Wedgewood's thermometers. 



A 
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27. TABLE of the Degrees of different Ther- 
mometers^ omitthig Fractions^ at which some 
remarkable Oiemkal Phenomena occur. 



, iii» > » » 



[ REAU. 



54* 



44 
86 

35 
34 

32 
SO 
2d 
£4 

23 
20 

19 
18 

It 
14 



FAHB. 



5 

4 



3 
2 
1 




90 



66 
50 

46 
45 

39 
36 
31 
23 



CENT. 



68 



B5 

44 

43 
42 

39 

VJ 
85 
30 



22 


80 


U 


25 


11 


24 


10 


23 


7 


14 





18 


16 


• 

9 


20 


6 


23 


5 


25 


4 


28 


2.5 


30 


1.25 


32 






Greatest artificial cold ob- 
served, produced by Mr. 
Walker. 

Nitric acid freezes, Fourcroy. 

Cold observed at Hudson's 
Bay, M'Nah. 

Ether freezes. 

Ammonia exists in a liquid 
form. 

Mercury freezes. 

Sulphuric acidfreezeSyT'A^iri/mi 

Sttlphurousacid liquid, Monge. 

Cold observed at Glasgow on 
the surSKe of snovr, 1780. 

Acetous acid freezes. 

Cold observed at Glasgow, 
1780. 

Two parts of alcohol and one 
of water freeze. 

Cold observed on the snow at 
Kendal, 1791. 

Brandy freezes. 

Cold, produced by mixing 
equal parts of snow and 
muriate of soda. 

Oil of turpentine freezes. 
Margueron did not freeze 
at —18 MorellL 

Strong wines freeze. 

Fluoric acid freezes, PrUttlym 
Oil o{ bergamot andv cin- 
namon freezes, Marg. 

Human blood freezes^ 

Vinegar freezes' 

Milk freezes^ 

Oxymuriatic acid melts. Thorn- 
i9n» Water freezes. 



D 
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REAU. 


FAIJIR. 


CENT. 


/ 


2 


36 


2.5 


Olive oil freezes. 


3 


39 


4 


Heat of hedgehogs and mar- 
mots in a torpid state. 


4 


40 


5 


Ox y muriatic acid boils, T^am" 
ton. Equal parts of phos- 
phorus and sulphur melt^ 
Pelietier. 


5 


• 43 


6 


Phosphorus bums slowly. 
Sulphuric acid, Sp. gr. 1.78» 


6 


45 










freezes, Keir. 


10 


55 to 66 


12 


Putrid fermentation, Fotfr^re^. 


12 


59 


15 


Vinous fermentation beginsy 
Fourcrqy. 


14 


64 


17 


Oil of anise freezes. 


15 


66 to 133 


18 


Animal putrefaction, 70 t© 
panary fermentation. 


16 


68 


20 


Camphor evaporates, Fourcroy 


18 


74 


23 


Butter melts. 


19 


75 


24 


Summer heat at Edinburgh. 


20 


77 


25 


Vinous fermentation rapid* 
Fourcroy. Acetous ditto 
begins. 


21 


80 


26 


Phosphorus burns in oxygen 
gas. 104, GoettUng. 


21 


75 to 80 


26 


Summer heat in England. 


?1 


80 


26 


Heat of the ocean under the 
equator. 


22 


82 


28 


The adipocere of muscle melts. 


25 


88 


31 


Acetous fermentation ceases. 




• 




Fourcroy. Phosphorus it 
ductile. 


29 


92 to 99 


37 


Heat of the human body. 


28 


97 


36 


Axunge melt's, Nicholson. 


28 


97 


36 


Heat of a swarm of bees. 


29 


98 


36 


Ether boils. 


SO 


99 


37 


Phosphorus melts, Pelietier. 


31 


lOOtolOS 


39 


Heat of domestic quadrupeds. 


32 


104 


40 


Resin of bile melts. 


35 


103tolll 


44 


Heat of Birds. 


33 


107 


41 


Feverish heat. ^ 




108 




Hens hatch eggs. 


34 


109 


42 


Myrtle wax melts. Cadet. 


35 


111 


44 


Heat of the air near Senegal. 
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' REAU. 



FAHR. 



$6 
40 

42 

44 

48 
49 
50 

55 

59 

61 
64 
90 

80 



83 

88 
89 

9S 

96 

103 



112 

120 
134 

182 

190 
197 
226 
232 



112 
122 

127 
130 

140 
142 
145 

155 
165 

170 
176 
235 

212 



219 

230 
234 

242 
248 
264 



283 

803 

334 

442 

460 
476 
540 
554 



CENT. 



45 

50 

53 
54 

60 
61 
63 

79 

74 

77 

80 

116 

100 



104 

110 
111 

116 
120 
130 



140 

150 

168 

227 

238 
248 
282 
290 



Spermaceti melts^ Bostaci. 

Phosphorus bums vividly, 
Fourcroy, 148, Thonuon* 

Tallow melts, Nicholson. 

Ammonia is separated from 
water. 

Ammonia boils, Dalton, 

Bees-wax melts, Irvine. 

Camphor sublimes, FeniurL 
Ambergris meltB^LaGrange. 

Bleached wax mclts^ Ntchohon. 

Albumen coagulates. 156, 
Blaeh. 

Sulphur evaporates, Kirwan. 

Alcohol boils. 174, Black. 

Adipocere of biliary calculi 
melts, Fourcroy. 

Water and volatde oils boil. 
Bismuth 5 parts, tin 3, and 
lead 2, melt. 

Phosphorus begins to distil, 
Pelletier. 

Muriate of lime boils, Dalton. 

Sulphur melts, Hope. 212®, 
Fourcroy. 185°, Kirwan. 

Nitrous acid boils. 

Nitric acid boils. 

Air breathed by the human 
species with tolerable ease, 
Phil.Transac. vol. 66. 

White oxide of arsenic su- 
blimes. Alloy of equal parts 
of tin and bismuth melts. 

Sulphur bums slowly, and 
camphor melts, Venturi. 

Alloys, tin 3 and lead 2, and 
tin 2 and bismuth 1, melt. 

Tin melts, Crtehton. 413, Ir- 
vine. 

Tin 1, and lead 4, melt. 

Bismuth melts, Irvine. 

Arsenic sublimes. 

Phosphorus boils, Pelletier. 
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KEAU. 



rAHR. 



235 



248 



252 



258 



560 



590 



600 



612 



294 



810 



815 



825 



269 
279 

297 
815 

841 

842 

845 
380 

448 

462 

564 

737 
1451 



1678 
2024 
2082 
2130 

2313 
2880 



635 



660 



700 
750 

800 

802 

809 
884 

1050 

1077 

1800 
1807 
2897 



8807 

4587 
4717 
4847 

528? 
6S0? 



835 



850 



871 
884 

427 
428 

482 

475 

560 

577 

705 

986 

1814 



2100 
2530 
2602 
2700 

2780 
3580 





1.7 

6 

14 



21 
27 
28 
29 

82 
40 



Oa of 

bofls. 

Sulphuric acidboOs, 

Dahom. 546, 

Black. 5¥KBaj. 

Lintteed oil boils. 

Sulphur wMimcs, 

Davy. SKKTkamu 

Ijead m^s» CricJk* 

tarn. 594y Irvme, 

585, iiomdai. 

540, Newiom. 

Lowest igriution of 

iron in the dark. 
Mercury boik, />«/• 
ton. 644» Buuudai. 
600, Black. 
Zinc melts. 
Iron briffht red in 

the daik. 
Hydrogen gasbums* 

1000, Thomson. 
Charcoalbuni,7'Aom- 

ion. 
Antimony melts, i 
lion red in the twi- 

Ught. 
Iron red-hot in a 

commop fire. 
Red heat in day 

light. 
Azotic gas bums. 
Enamel colours bum. 
Diamond burns. 1, 
Sir G. fiI^Ken%ie. 
5000, Morveau. 
Brass melts. 
Copper melts. 
Silver melts. 
Settling heat of 

plate glass* 
Gold meltSk 
I Delft ware fifed. 
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aSAT7. 


fAH&. 


CSNT. 


WBD. 




3750 


a480 


4680 


57 


Working heat of 


4450 


10177 


5610 


70 


plate glass* 
Flint glass furnace. 


^370 


1S257 


6770 


86 


Cream ooioared 
stone ware fired. 


S6M 


12777 


7080 


90 


Welding heat of 










iron least. 


5800 


13267 


7330 


94 


W orcester china 
vitrified. 


595$ 


13427 


7441 


95 


\M elding heat of 


• 

6270 


14337 


7850 


62 


iron greatest. 
Stone ware fired. 


i5520 


14727 


8150 


105 


Chelsea china vitri- 










fied. 


6925 


15637 


8650 


112 


Derby china. 


7025 


15897 


8770 


114 


Flint glass fiMiace 


7100 


16007 


8880 


121 


greatest heat. 
Bow china vitrified. 


J 






123 


Equal parts of chalk 
and clay melt. 


7460 


16807 


9320 


124 


Pbte glass fumact 


7650 


17327 


9600 


125 


strongest heat. 
Smith's forge. 


7975 


17977 


9850 


130 


Cobalt melts. Cast 
iron melts. 


8250 


18627 


10320 


135 


Bristol china no 
vitrification at 


9131 


20577 


11414 


150 


Nickel melts. Hes- 
sian crucible melt- 
ed. 


9325 


21097 


11680 


154 


Soft iron nails melt- 
ed with the cru- 
cible. 


9602 


21637 


12001 


158 


Iron melts. 


9708 


21877 


12136 


160 


Manganese melts. 
Air furnace. 


10286 


23177 


12857 


170 


Platinum, tungsten, 
molybdenum, ur- 
anium, and tita- 






. 




nium, melt. ^ 


11100 


25127 


13900 


185 


Greatest heat ob- 
served. 


14331 


32277 


16802 


240 


Extremityof wedge- 
wood's scale. 
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N. B. As many of these higher num- 
bers were calculated from Wedgewood's, 
by the sliding rule, the two or three first 
figures only can be depended upon as cor- 
rect. They will be found, however, to be 
sufliciently accurate for most purposes. 

For more full information respecting 
various constructions of thermometers and 
pyrometers, I beg leave to refer to Mr. 
Murray's System of Chemistry, vol. 1st. 
I shall, however, when I come to speak of 
Mr. Leslie's experiments, give an account 
of his diflFerential thermometer. 



\ 



SECTION U. 
Of Expansion. 

28. Expansion of bodies is an im- 
ponant effect of heat. Solids are least 
expanded, liquids more, and elastic fluids 
most of all. The law of expansion of all 
permanently elastic fluids, has already 
been noticed (Art. 23.), it remains now to 
notice liquid and solid bodies. 

29. Every body receiving heat, with a 
few exceptions, when accurately measured, 
is found to be enlarged, or expanded. 

30. It may be proper to take notice of 
some of the exceptions to this law, — that 
bodies are expanded by heat. The most 
general exception is, that increase of bulk 
which takes place in several substances in 
changing from the fluid to the solid state. 
This is remarkably the case with water, the 
expansion of which, in freezing, is capable 
of overcoming a very great resistance, as 
was proved by Mr. Boyle, by the Floren- 
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tine academicians, and, more lately, by 
Major Williams. In one of his experi- 
ments, by the expansive force of freezing, 
an iron plug, weighing 2i lbs. was pro- 
jected to a distance of 4 15 feet, with a 
Telocity of more than 20 feet in a second 



n 



Hence the bursting, during frost, of 
pipes for conveying water, the raising of 
pavement, the falling of parts of neglected 
buildings, the splitting of trees, rocks, &c. 

31. But a phenomenon still more sin- 
gular is exhibited by water, it expands not 
only in the instant in which it passes to 
the solid state, but before it reaches its 
freezing point. This singular phenom- 
enon appears first to have been observed 
by Dr. Croune, towards the close of the 
17th century. It was afterwards observed 
by Mairan; but De Luc seems to have been 
the first who attempted to investigate it 
with precision. Dr. Hope has since made 
experiments, from which he infers, that 
water obtains its maximum density at 40°, 



* TraDMcdoQS of Royal Society of Edinburgh, vol. 3. p. 29. 
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(hat is, 8° warmer than at the freezing 
point, or 32°. Mr. Dalton has also inves- 
tigated this subject, and from his experi- 
ments infers, *' that the greatest density of 
•water, is at or near the 36* of the old scale^ 
and 37° or 38° of the new scalej and fur- 
ther, tliat the expansion of thin glass is 
nearly the same as that of iron, whilst that 
of stone ware is I, and brown earthen 
ware \ of the same *." 



I 



32. Permit me to direct the reader's 
attention to this very remarkable fact, that 
all bodies are condensed by cold without 
limitation, water only excepted, which we 
have just seen is, at its greatest density, at 
36° of Fahrenheit's scale. This exception 
to one of those general laws of nature, is a 
striking proof of contrivance in the arrange- 
ment of the luiiverse. Were it otherwise, 
all the fresh water within the polar circles 
must inevitably have been frozen to a very 
great depth in one winter, and a great 
portion of what is now the most temper- 



* Dalton'a Chemical PhiloiDph^, p. 34, 

E 
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ate part of the globe, rendered a i 
waste. 

To understand this, let us see 'whasil 
takes place in the freezing of a fresh water 
lake. When the cold air comes in contact 
with the particles at the surface, they are 
cooled, and becoming heavier descend 
until they are cooled down to the point 
of greatest density. Were this 32° then 
the whole water would continue this in- 
ternal motion until it arrived at the freez- 
ing point, and being all equally cold, 
would become all at once soUd ice. 

But the water is heaviest at 36% of 
course whenever it is all cooled down to 
that point, the internal motion ceases, and 
the surface becomes gradually colder un- 
til it arrive at the freezing point, when a 
thin body of ice forms a covering to the 
water, and particularly when snow is 
added, serves to protect it from the influ- 
ence of the colder atmosphere. 



For a fuller account of this instance of 



I 
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the beautiful economy of nature *, as also 
what relates to the influence of salt water 
on the temperature of the globe, I may- 
refer the reader to Count Rumford's 
seventh Essay. 

33. According to Smeaton, " glass ex- 
pands TITO in length for 180" of temperature, 
consequently it expands ^ in bulk. But 
water expands ^t-t or rather more than 
eighteen and one-half times as much "I"." 

34. A knowledge of the comparative 
expansions of solids, is of much import- 
ance in the arts, and more particularly 
in the construction of time-pieces, which 
are much affected by the expansion of 
metals. This has led to a number of 
experiments on the subject; those of Mr. 
EUicot X appear to have been the first 
which were made with any degree of ac- 
curacy. He was followed in the same 
inquiry by Smeaton [j, Roy and Trough- 
ton and also by M. Berthoud§. 



H^ • " Nature is bat a name for an effe 

^k " WTioie cause i> God."— Cei^jl/f. 

^K ^Dxlton, {nge31,32. ) ^hil. Trans vol. 39. 

^^L § Enai but Horlogerie, 2d edit. Paris, 
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Although we perceiYe something lifc& a 
relation subsisting between the expansion 
and fusibility of solids, those which are 
most fosible, as antimony, tin, lead, Suu 
expanding most, yet it must be confessed, 
that we know but very litde with regard 
to the connection which subsists between 
the expansibility and other physical pro- 
perties of solids. 

No general law has hitherto been dis- 
covered, respecting the ratio of expansion 
of solid bodies; but for all practical pur- 
poses, we may adopt the notion of the 
equable expansion of solids. Glass, how- 
ever, is an exception, for it has been found 
to expand in a ratio which increases with 
the temperature. 

For measuring the longitudinal expan- 
sion of solids, various instruments, or py- 
rometers, have been invented, accounts of 
which may be found in most books, on 
natural philosophy. " The longitudinal 
expansion being found, that of the bulk 
may be derived from it, and will be three 
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times as much. Thus, if a bar of 1000 
expand to 1001 by a certain temperature, 
then a 1000 cubic inches of the same, will 
become 1003 by the same temperature*." 

* Dtlton*t Chem. PhiL p. 43, 44. 
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35. TABLE of EXPANSIONS, for 190^ of 

FaJirenheit * . 



Solids. 



Earthen ware* 



in Length, 



Brown earthen ware. 
Stone ware. 
Wood. 

Glass rods and tubes. 

bulbs thin. 

tubes. 



.000416 
.000208 



.000208 
.001234 
00077615 



tn 



Bulk. 



Glass rod. 

Deal. 

Platina. 

Platina and glass. 

Regulus of antimony. 

Cast-iron prism. 

Cast-iron. 

Steel rod. 

Blistered Steel. 



Steel. 

Hard Steel. 
Annealed Steel. 
Tempered Steel. 



50083333 



00080787 



.000856 

.0011 

.001083 

.0011094 

.0011111 

.0011447 

.001125 

.001150 

.0011574 

.001225 

.00122 

.00137 



.0012 
.0012 



.0025 
.0037 
.002330 



.002502 



.002426 



.002570 

.0033 

.003253 

.003332 

.003337 

.003438 

.003379 

.003454 

.003476 

.003679 

.00367 

.00411 



Wedgewood says^ 
that earthen ware 
made porous by 
charcoal, expanded 
only one-third as 
much as whcft 
solid. 

Dalton. 

Do. 

Much less than glass. 
Rittenhouse. 

Dalton. 

Do. 

Roy Phil. Trans. 

1785. He had be- 
fore found a glass 
tube expand four 
times as much as 
a rod. 

Smeaton, Philosoph. 
Transac. 1754. 

Roy, the same glass 
as the tube. 

Roy, 1777, as glass. 

Borda. 

Berthoud. 

Smeaton. 

Roy. 

Lavoisier. 

Roy. 

Phil. Trans. 1795, 
428. 

Smeaton. 

Lavoisier. 

Smeaton. 

Musschenbroek* 

Musschenbroek. 



* See Dalton's Chem. PhiL p. 44. and Young's Nat. Phil. vol.S. 
p. 390—391. •■ . 
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Solid.. 


inL<ngih. 


» Bulk. 




Iron. 


,001156 


.003*72 


BAda. 




.001258 


.003779 


Smeaton. 


Annealed Iron. . 


.00133 


.00400 


Musachcn brock. 




.00139 


.00417 


Musachenbroeit. 


Bismuth. 


001392 


.00*180 


Smeaton. 


Annealed gold. 


,00146 


.00488 


Musschenbroek. 


Gold. 


■0015 


.0045 


Ellicot, by compati. 


Gold wire. 


.00167 


.00502 


Mussdienbroek. 


^- 


,001700 


.005109 


Smeaton. 


,00191 


.00573 




,001783 


.005359 


Borda. 




.0018554 


.005576 


Roy. 


from Hamburgh. 








CaslBraw. 


,001875 


.005635 


SmeatoB. 


EDgU»h pl>tc bniSB 

rod. 
English plate brau 

trough. 
Brass wire. 


,0018928 


.005689 


Roy. 


0018949 


.005695 


Roy. 


,001933 


.00581 1 




Brass. 


.00216 


.00648 




Copper 8 tin 1. - 


.001817 


.005461 


Smeaton. 


SUv^ 


00189 


.005681 


Herbert. 




0021 


.0063 


Ellicott, by copi. 




.00212 


.00656 


ItChrnbroek. 


Brass 16 tin 1. 


.001908 


.005736 


Smeaton. 


Speculum metal. 
Spelter solder brass 

Fine pewter. 


.001933 


.005811 


Smeaton. 


002058 


.006187 


Smeaton. 


,002283 


.006866 




Grain tin. 


,002483 


.007469 


Smeaton. 


Tin. 


,00284 


.00852 




Soft solder, lead 2 


,002508 


.007545 


Smeaton. 


tin 1. ■ 
Zinc 8 tin 1 a little 


.002692 


.008095 


Smeaton. 


hammered. 








Lead. 


.002867 


.008625 


Smeaton. 




,00344 


.01032 


Musschenbroek. 


Zinc. 


002942 


-008850 


Smeaton, 


Zinc hammered out 


.003011 


.009061 


Smeaton. 


halfaninchperfooL 
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Liquids, 

I 

Expansion in Bulks. 

Mercury, ^02oo = ^ 

Water, .0466 = -rl^y 

Water saturated with salt, - - - .0500 = -^ 

Sulphuric acid, .0600 = -^ 

Muriatic acid, 0600 = tV 

Oil of turpentine, .0700 = -^ 

Ether, 0700 = T5y 

Fixed Oils, .0800 = ,4*7 

Alcohol, 0110=;^ 

Nutric acid, . - - .0110 = 7 
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SECTION III. 

On the Specific Heal of Bodies. 

36. It was already observed, (Art. 3.) 
that different bodies at the same tempera- 
ture, and showing the same degree on the 
thermometer, really contain different 
quantities of heat. 

This diversity of the quantity of heat 
contained in different bodies, is called 
specific heat; and, accordingly, tables of the 
specific heat of bodies, showing their com- 
parative attractions for heat, have been 
formed in a similar manner with tables of 
specific gravity, which show the compara- 
tive weights of bodies of equal bulks. 

Sometimes the specific heat of bodies is 
deduced from equal weights^ and some- 
times from equal bulh^ but it seems to be 
most correct to deduce them from equal 



bulks * 




Dalton't Chemical Philosophy, p. 2. 
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Not being susceptible of measurement 
by the thermometer, diflPerent modes have 
been contrived for estimating it. 

Lavoisier and Laplace used an ingenious 
contrivance called a calomiter, for investi- 
gating the specific heat of bodies. It was 
calculated to show the quantity of ice, 
which any body heated to a given tem- 
perature could melt; but, however ingen- 
ious in its construction, this instrument 
has not been found in practice to be 
sufficiently accurate. 

Meyer attempted to find the specific 
heats of dried woods, by observing the 
times which equal volumes were in cool- 
ing. These times^ he considered as pro- 
portionate to the capacities, or specific 
heats bulk for bulk^ and when the times 
were divided by the specific gravities, the 
quotients represented the capacities of 
equal weights. This method was applied 
by Mr. Leslie to liquids, and has been 
approved of, and followed by Mr. Dalton. 
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37. The important fact of the absorption 
of heat, during the conversion of ice into 
water, appears to have been first observed, 
separately and unknown to each other, by 
De Luc, Black, and Wilkie, about the year 
1755. On this experiment, Dr. Black 
principally founded his doctrine of latent 
heat. Dr. Irvine and Dr. Crawford, ex- 
plained the circumstances somewhat dif- 
ferently, by the theory of a change of 
capacity for heat. Dr. Black's theory led 
to very vague, indistinct, and inaccurate 
notions on the subject; nor was the word 
capacity well chosen. The term specific heat^ 
is that which is more approved by later 
writers, particularly Dalton and Leslie *. 

38. By the method already mentioned, 
(Art. 38.) making proper allowance for 
the containing glass vessels, Mr. Dalton 
made his experiments on the specific heats 
of various bodies, the results of which 
will be found in the following Table. It 
will be sufficient to illucidate the use of 



* See Dalton*8 Chem. Phil. — Leslie*t Inquiry, p. 529, alio Mr. Til^ 
Ioch*8 paper, Phil. Mag. 1808, p. 70. 
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the table, to give water and mercury as 
examples. 

« If the whole quantity of heat in a 
measure of water of a certain tempera- 
ture be denoted by 1, that in the same 
measure of mercury will be denoted by .5 
nearly: hence the specific heats of water, 
and mercury, of equal bulks ^ may be sig- 
nified by 1 and .5 respectively. 

*' If the specific heats, be taken from 
equal weights of the two liquids ; then they 
will be denoted by 1 and .04 nearly, because 
we have to divide .5 by 13.6, the specific 
gravity of mercury *." 

Mr. Dalton has discovered that water 
increases in its capacity for heat with . 
the increase of temperature, and infers, 
that as much heat is necessary to raise 
water 5° in the lower part of Fahrenheit's 
scale, as is required to raise it 7° in the 
higher, and 6° in the middle. 

• DaltoD, p, 47, 
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39. TABLE of Specific Heats. 



OASES. 

I 

Hydrogen - - - - - 
Oxygen -----. 
Common air - - - - 
Carbonic acid . - - . 
Azotic - - - - - 
Aqueous vapour - - 



LIQUIDS. 

Water 

Arterial blood ....... 

Milk (1.026) 

Carbonat. of ammonia (1.035) - • 
Carbonat. of pot-ash (1.30) - - - 
Solut. of ammonia (.948) - - 
Common vihegar (1.02) - - - - 

Venous blood ....... 

Solut. of common salt (1.197) 
Solut. of sugar (1.17) ... 

Nitric acid (1.20) 

Nitric acid (1.30) 

Nitric acid (1.36) 

Nitrate of lime (1.40) .... 
Sulphuric acid and water, equal bulks 
Muriatic acid (1.153) .... 

Acetic acid (1.056) 

Sulphuric acid (1.844) .... 

Alcohol (.85) 

Ditto (.817) 

Sulphuric ether (.76) 

Spermaceti oil (.87) - - - - 
Mercury ......... 



Equal 
IVeigkis. 

21.40* 
4.75* 
1.79* 
1.05* 
.79* 
1.55* 



Equai 
Bulku 

002 

.006 
.002 
.002 
.001 
.001 



1.00 
1.03* 
.98 
.95 
.75 
1.03 
.92 
.89* 
•78 
.77 
.76 
.68 
.63 
.62 
.52 
.60 
.66 
.35 
.76 
.70 
.66 
.52 
.04 



1.00 

1.00 
.98 
.98 
.98 
.94 

.93 
.90 
.96 

.88 
.85 
.87 
.80 
.70 
.70 
.65 
.65 
.57 
.50 
.45 
•55 
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SOLIDS. 

Ice - ------------ 

Dried woods, and other vegetable substances 
from A5 to --------- 

Quicklime ----------- 

Pit-coal (1.27) - - 

Charcoal ----------- 

Chalk 

Hydrat. lime ---------- 

Flint glass (2.87) 

Muriate of soda --------- 

Sulphur ----------- 

Iron ------------- 

Brass ------------ 

Copper --.---.--.-. 
Nickel ------------ 

Zinc ------------- 

Silver ---------._- 

Tin 

Antimony -.----.---- 

Gold ----.-...---. 

Lead --.-------,- 

Bismuth ------------ 

Oxides of the metals surpass the metals 
themselves, according to Crawford. 



IVcights. 

.90 



SB 
.30 
.28 
.26* 
.27 
.25 
.19 
.23 
.19 
• 13 
.11 
.11 
.10 
.10 
08 
.07 
.06 
.05 
.04 
.04. 



Equal 
Bulks. 

.85 



.36 
.6T 
.55 



1.00 
.97 
.98 
.78 
.69 
.84 
.51 
.40 
.97 
.45 
.40 
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Remarks on the Table. 

" The articles marked * are from 
Crawford. Notwithstanding the ingen- 
uity and address displayed in his experi- 
ments on the capacities of the elastic 
fluids, there is reason to believe his results 
are not very near approximations to the 
truth; we can never expect accuracy when 
it depends upon the observation of 1 or 2 
tenths of a degree of temperature after a 
tedious and complicated process. Great 
merit is undoubtedly due to him for the 
attempt. — The difference between arterial 
and venous blood, on which he has 
founded the beautiful system of animal 
heat, is remarkable, and deserves further 
inquiry f," For some account of Dr. Craw- 
ford's theory here alluded to, see Thomson's 
Chemistry, vol. iv. p. 72, — ^also, Adam's 
Lect. on Nat. Phil. vol. i. p. 396. But 
those who wish fuller information, I would 
refer to Dr. Crawford's valuable " Ex- 
periments and observations on Animal 
Heat." 

t Dalton p. ^n. 
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40. ** Water appears to possess the 
greatest capacity for heat of any pure 
Uquid yet known, whether it be compared 
with equal bulks or weights; indeed it 
may be doubted, whether any soUd or 
liquid whatever contains more heat than 
.an equal bulk of water of the same tena- 
perature. The great capacity of water, 
arises from the strong affinity which 
both its elements, hydrogen, and oxigen, 
have for heat. Hence it is that solutions 
of salts in water, contain generally less 
heat in a given volume than pure water: 
for salts increase the volume of water as 
well as the density, and having mostly a 
small capacity for heat, they enlarge the 
volume of the water more than proportional 
to the heat they contribute *•" 

41. It is of importance to obtain the 
exact specific heat of the elastic fluids, 
because it has an intimate connection 
with the phenomena of combustion, and 
of heat in general. Of these, Mr. Dalton 
has given a theory, upon the principles of 

# 

• Dalton, p. 64. 
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wHch, he has calculated the following 
table, respecting which he says, 

" We shall have the specific heats, of the 
several elastic fluids, as in the following 
table. In order to compare them with 
that of water, we shall further assiime the 
the specific heat of water, to that of steam, 
as 6 to 7, or as 1 to 1.166." 



42. " TABLE 

Hydrogen - - - 


of the. 
Flu 

9.382 


specific JJeats oj 
ids. 

Olefiant gas - 
Nilricacid - - 
Carbonic oxide 
Sulph. hydrogen 
Muriatic acid - - 
Aqueous vapour 
Ether, vapour - 
Alcohol, vapour 
Water - - - 


Ekstk 

1.555 

- .491 

- -777 

- .583 

- .424 
1.166 

- .848 

- .586 

- 1.000 


Oxygen - - - 
AtmoB. air - - 
Nitrous g»s - - 
Nitrous oxide 
Carbonic acid 
Ammon. gas - - 
Carb. hydrogen - 


1.333 

- 1.759 

- .777 

- .549 

- .4.91 
1.5S5 

- 13S3 



" Let us now see how far these results 
will accord with experience. It is remark- 
able, that the heat of common air comes 
out nearly the same as Crawford found it 
by experiment; also hydrogen excells all 
the rest, as he determined, but oxygen is 
much lower, and azote higher. The 
G 
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principles of Crawford's doctrine of aamial 
heat, and combxistion, however are not at 
all affected with the change *, 



43. The phenomenon of animal heat 
has from the earliest ages been the subject 
of philosphical discussion, but its cause 
seems not yet ascertained. Of this, there 
are various degrees, some animals preserv- 
ing a heat of 100° or more in all tempera- 
tures of the atmosphere ; others, particularly 
the more imperfect, keep only a few degrees 
warmer than the medium, with which they 
are surrounded. That of the human body 
is from 96° to 98°, and it is truely wonder-' 
ful that it should remain nearly the sames., 
in all climates. Men have lived in coL 
greater than that at which mercury freezes, 
(which is at 39° below zero,) and in an at- 
mosphere above the heat of boiling water, 
Mr. M'Nab observed cold at Hudson's Bay 
50° below zero. While the human species 
have, with impunity, breathed air 264* f^ 
none of the inferior animals, seem capable 

* Dilwn, page 73, 1i. f lee Phil. Tran. Vol. 6S. 
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of sustaining this change of temperature, 
while to man has been given this wonder- 
ful power of enduring all the variety of 
climates, which his necessities, or desire 
of knowledge, could lead him to visit, 
(Art. 27.) 

I hope the following quotations, relative 
to the power of animals to sustain heat, 
will be acceptable to die reader. 



I 



" Air has often been breathed by the 
human species, with impunity, at 264°. 
Tillet mentions its having been respired at 
300; and Morantin, one instance, at 325°, 
and that for the space of five minutes. 
Sonnerat found fishes, existing in a hot 
spring at the Manillas at 158°*: and M. 
Humboldt and M. Bonpland, in travelling 
through the province of Quito, in South 
America, perceived other fishes thrown up 
alive, and apparently in health, from the 
bottom of a vulcano, in the course of its 
explosions along with water, and heated 

* He giaduatei bjr Reaamui't ihermomeur, and calcubcn the hmi 
upon ibk *t 60°. 
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vapour that raised the thennometer to 210°, 
being only two degrees short of the boiling 
point *." 



*' There are Indeed numerous facts, all 4 
of which tend to confirm the statement of \ 
these intrepid travellers. Dogs have exist- 
ed without apparent inconvenience, in a 
temperature of 236°, measured by Pah-* J 
renheit's thermometer; a heat exceeding i 
that of boiling water, by 24°. A species of j 
toenia has been found alive in a boiled carp; 
the oven-girls in some part of Germany, .1 
have sustained a heat of 257° for a quarter J 
of an hour; one girl supported it tea] 
minutes, when augmented to 288° without 1 
inconvenience, and another, breathed iaj 
air, heated to 325° for five minutes j~ ; the 1 
incombustible man, described by Dr. Sem- ] 
entini, of Naples, would receive boiling oil i 
into his mouth, and bathe his fingers in 
fiised lead without injury if; and, to come j 
nearer home. Sir Joseph Banks, bore 



* AnruTcrsary omtlon delivered, March B, ])<< 
Society of LoadoD, by Joha Mason Good, F. R. 

f HiK. Acad. Sdenc. J764. } Phil. Mag, vol. 
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heated room, at 211°, while Sir Charles 
Blagden, has himself given an account * 
of his sustaining the heat of 260" in the 
surrounding facticious atmosphere f." 

44. Bodies by changing their state, also 
change their spectfic heat. By a change of 
state in bodies, is meant their successive 
passage from solidity to liquidity, and 
from this to elastic fluidity, and contrari- 
wise. Thus water may be in the state of 
ice, of liquid, and of vapour, or steam. 

A solid body, as ice, on becoming liquid, 
acquires a great specific heat, even though 
its bulk be diminished; and a liquid, as 
water, acquires a greater specific heat, on 
being converted into an elastic fluid. 

It was already mentioned, (Art. 39.) that 
the absorption of heat, during the conver- 
sion of ice into water, was observed by 
philosophers, about the year 1755; and Dr. 
Crawford has shown, that by the laws of 



' Phil, Tnuii. vok kv. and liviii, tEeleitie Rev. March, 1B09. 



t. resultin^"^^ 



S4 EFFECTS OF HEAT. 

absorption and extrication of heat, resulting 
from the change of capacity, which takes 
place in the solid and fluid states of water, 
Divine Providence, has wisely guarded 
against various sudden vicissitudes of heat 
and cold upon the surface of the earth. 
A vast quantity of heat is extricated in 
freezing of large masses, which renders the 
process very slow, while the great absorp- 
tion of heat ' from the atmosphere, in 
thawing, occupies much time, and prevents 
that terrible devastation, which otherwise 
would take place from torrents produced 
by the sudden dissolution of ice and 



45. During the conversion of water into 
steam, a great quantity of heat is absorbed; 
in consequence of which, when steam is 
again converted into water, much heat is 
extricated. 

Hence the water which results from 
condensation, forms an accurate compara- 
tive measui'e of the heat extricated from 
steam of the same density, and, for this 



I 
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purpose, it was applied in experiments 
made by Mr. Houldsworth*, in comparing 
the effects of steam-tubes of tin-plate with 
those of cast-iron. The subject of steam 
will be farther considered, after treating 
of Ebullition. 

•SaePartll. 



S6 EFFECTS OF HEAT* 



SECTION IV. 

Of Combustion. 

46. Modem chemists consider the 
sources of heat, which are tinder the 
control of art to be the following: — 
Solar rays, electricity and galvanissGL^ 
condensation, mechanical action between 
solids, including friction and percussion, 
and chemical action, to which head com- 
bustion belongs *. 

Our concern at present is with com- 
bustion, but before proceeding to that 
subject, I shall very shortly notice some 
of the other sources of heat. 

47. It has been long known, that col- 
oured bodies when exposed to the light of 
the Sun, have their temperature raised in 
proportion to the darkness of their colour. 
— ^The simple experiment of touching a 
white and a black stone exposed to the 

* Murray's Chemistry, voL i. p. 450. 
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rays of the sun, would be sufficient to 
give any one an idea of this truth. To 
ascertain this point, experiments vrere made 
by Dr. Hooke, by Dr. Franklin, and since, 
with more precision, by Mr. Davy *. 

48. The temperature produced by the 
direct action of the rays of the sun, seldom 
exceeds 120°, but when they are concen- 
trated, they are capable of producing a 
temperature as great at least, as the most 
intense and violent fires f . 

49. Condensation of volume, it is 
well known, produces heaL This fact was 
long ago observed in condensing air in the 
air-gun. A curious application of this 
principle was, a few years ago, invented 
in France, and is now coming into use in 
this country. I allude to an instrument 
for kindling fungus, used instead of the 
tinder-box. It is simply a condenser, 
which, by compressing the air into a very 
small space, by a single stroke of the piston, 
sets fire to the fungus. 

Chcmiftry, vol. i. page 41!). f Ibid, page 41G. 

H 
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Mr. Dalton accounts for the decrease 
of temperature of the atmosphere as we 
ascend, by supposing that the natural 
equilibrium of heat is an equality in quantity 
rather than temperature. Air increases in 
its capacity for heat by rarefaction. The 
temperature must, therefore, be regulated 
by the density of each atom of air, in the 
same perpendicular column, being pos- 
sessed of the same quantity of heat. Now, 
it is well known, that the density of the 
air becomes less as we ascend, and, of 
course, the heat also decreases *. 

50. Mr. Dalton is likewise of opinion, 
that the heat produced by friction and 
PERCUSSION of solid bodies, results, in 
both cases, from the same cause, viz. con- 
densation of volume, iu the same manner 
as the condensation of air and other bodies 

' produces heat f. (See Art. 49.) 

51. It was the opinion of Crawford, 
Lavoisier, and many other modern chemists, 

• DaJton'i Chem. PhU. p. 133. + Dalton'i Chemiwry, p.l33 — 13S- 
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that oxygenous gas was the sole or prin- 
cipal source of the light and heat produced 
by combustion. But Mr. Dalton has 
proved, that although this may be nearly 
the case with regard to charcoal and pit- 
coal, that it is not true with regard to 
otlier combustible bodies. He concludes, 
'* that the heat, and probably the light 
also, evolved by combustion, must be con- 
ceived to be derived both from the oxygen 
and the combustible body, and that each 
contributes, for ought we know to the 
contrary, in proportion to its specific heat 
before the combustion," * (Art. 43.) 

Fud. 

52. Dr. Black considers the fuels com- 
monly used, under five divisions: — " The 
first may comprehend the fluid inflam- 
ables; to the second we may refer peat or 
turf; to the third, charcoal of wood; to 
the fourth, pit-coal charred; and to the 
fifth, wood or pit-coal in a crude state, and 
capable of yielding a copious and bright 



t 



ll flame.-" 

H * Dallou'i Chem. Phil. { 
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53. " Isty The fiuid infiamables are con- 
sidered as distinct from the solid, on this 
account, that they are capable of burning 
upon a wick, and become in this way the 
most manageable sources of heat; though, 
on account of their price, they are never 
employed for producing it in great quan- 
|,tity, and are only used when a gentle 
I degree, or a small quantity of heat is suf- 
ficient. The species which belong to this 
class, are spirit of wine and different oils." 



54. " The second kind of fuel men- 
tioned, pcat^ is so spongy, that compared 
with the more solid fuels, it is unfit to baj 
employed for producing very strong heats. 
— It is too bulky for this. — We cannot put 
[ into a furnace, at a time, a quantity that 
corresponds with the quick consumptioitfl 
that must necessarily go on when the heaj 
I is violent. There is no doubt a great di^ 
• ference in this respect, among differen 
kinds of this fuel; but this is the general 
character of it. However, when we desire 
to produce and -keep up, by means of 
cheap fuel, aji extremely mild, gentle heat. 



.t 
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we can hardly use any thing better than 
peat. But it is best to have it previously 
charred, that is, scorched, or burned to 
black coal. The advantages gained by 
charring it, will be presently explained. 
When prepared for use in that manner, it 
is capable of being made to burn more 
slowly and gently, or will bear, without 
being extinguished altogether, a greater 
diminution of the quantity of air with 
which it is supplied, than any other of the 
solid fuels. Dr. Boerhaave found ic ex- 
tremely convenient and manageable in his 
Furnus StudioKrum. 



55. " The next fuel In order, is the 
charcoal of wood. This is the chief fuel 
used by the chemists abroad, and has 
many good properties. It kindles quickly, 
emits few watery or other vapours while 
burning, and when consumed, leaves few 
ashes, and those very light. They are, 
therefore, easily blown away, so that the 
fire continues open, or pervious to the 
current of air which must pass through 
it to keep it burning. This sort of fuel 
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too, is capable of producing as intense &. 
heat as can be obtained by any; but in 
those violent heats it is quickly consuined^n» 
and needs to be frequently supplied. 

55. *' Fossil coals charred^ called cinders 
r coaks^ have, in many respects, the same 
L properties as charcoal of wood; as kin- 
»'dling more readily In ftirnaces, than when 
I'-they are not charred, and not emitting 
[-•Watery or other gross smoke while they 
I iburn. This sort of charcoal is even greatly 
[ euperior to the other in some properties. 
It is a much stronger fuel, or contains the 
inflamable matter in greater quantity, or 
in a more condensed state. It is, therefore, 
consumed much more slowly on all occa- 
sions, and particularly when employed ibr 
|,,producing intense melting heats. The 
I only inconveniences that attend it are, that 
tmphen it consumes, it leaves much more 
Pushes than the other*, and these much 



* I do not know ihat this h Ui 
have seen some of the finest Ncwca 
fiftieth part r{ their weight of asl 
entlrely^ coniumed, 



case with the finest pit-coaL 
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heavier too, which are, therefore, liable to 
collect in such quantity, as to obstruct the 
free passage of air through the fire; and 
farther, that when the heat is very intense, 
these ashes are disposed to melt or vitrify 
into a tenacious drossy substance, which 
clogs the grate, the sides of the furnace, 
and the vessels. This last inconvenience 
is only troublesome, however, when the 
heat required is very intense. In ordinary 
heats the ashes do not melt, and though 
they are more copious and heavy than 
those of charcoal of wood, they seldom 
choke up the fire considerably, unless the 
bars of the grate be too close together. 

" This fuel, therefore, is preferable in 
most cases, to the charcoal of wood, on 
account of its burning much longer, or 
giving much more heat before it is con- 
sumed. The heat produced by equal quan- 
tities, by -weight of pit-coal, ivoodj-charcoal, 
and wood itself, are nearly in the proportion 
of 5y 4, and 3. The reason why both these 
kinds of charcoal are preferred, on most 
occasions, in experimental chemistry, to 



U 
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the crude wood and fossil-coal, from which 
they are produced, is, that the crude fuels 
are deprived, by charring, of a consider- 
able quantity of water, and some other 
volatile principles, which are evaporated 
during the process of charring, in the 
form of sooty smoke or flame. These 
volatile parts, while they remain in the 
fuel, make it unfit (or less fit) for many- 
purposes in chemistry, tor, besides ob 
structing the vents with sooty matter^ 
they require much heat to evaporate them^'J 
and, therefore, the heat of the furnace in j 
which they are burned is much dimin-J 
ished, and wasted by every addition of J 
fresh fuel, until the fresh fuel is com-T 
pletely inflamed, and restores the lAat to J 
its former strength. But these great and ' ( 
sudden variations of the heat of a furnace, I 
are quite inconvenient in most chemical 
processes. In the greater number of chem- 
ical operations, therefore, it is much more 
convenient to use charred fuel, than the ; 
same fuel in its natural state. 




I 
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^. " The last kind of fuel is wooiJ^ or 
fossil coal in their crude' state, which it is 
proper to distinguish from the charcoals 
of the same substances. The difference 
consists in their giving a copious and 
bright flame, when plenty of air is admit- 
ted to them, in consequence of which they 
must be considered as fuels, very different 
from charcoal, and adapted to different 
purposes, 

" I had occasion formerly to remark, 
when treating of inflamation, that flame is 
produced from those substances only, 
which are either totally volatile when heat 
is applied to them, or which contain a 
quantity of combustible matter that is 
volatile, or easily convertible into vapour 
by heat; and that flame is nothing else 
but this vapour set on fire, or which 
becomes inflamed as fast as it arises from 
the body which affords it. 

" Of this nature, therefore, is tlie flame 
of wood and fossil coal, when they are 
burned in their crude state. These fuels 
I 
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contain a quantity of inflamable' matter, 
that is volatile, and which, when a 
moderate and stifled heat is applied to 
them, evaporates in the form of oily and 
sooty vapours and smoke, and diminishes 
the heat instead of increasing it. But if 
they are exposed to a stronger heat, and 
air is freely admitted, the sooty vapours 
are suddenly set on fire, or become flame, 
and continue afterwards to burn as fast as 
they arise from the wood or coal, in con- 
sequence of which they produce a great 
heat. , 

" These flaming fuels, however,' have 
their particular uses, for which the others 
are far less proper; for it is a fact, that 
flame, when produced in great quantity, 
and made to burn violently, by mixing.it 
with a proper quantity of fresh air, by 
driving it on. the subject, and throwing it 
into whirls and eddies, which mix the air 
with every part of the hot vapour, gives a 
most intense heat. This proceeds from 
the vaporous nature of' flame, and the 
pwfect miscibility of it with the ain As 
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the immediate contact and action of air is 
necessary to the burning of every com- 
bustible body, so the air, when properly 
applied, acts with far greater advantage on 
flame, than on the solid and fixed inflam- 
able bodies, for when air is applied to 
these last, it can only act on their surface 
or the particles of them that are outermost; 
whereas flame being a vapour or elastic 
fluid, the air by proper contrivances can 
be intimately mixed with it, and made to 
act on every part of it, external and inter- 
nal at the same time. — The great power 
of flame, which is thu consequence of this, 
does not appear when we try sm.all quan- 
tities of it, and allow it tg burn quietly, 
because the air is not intimately mixed 
with it, but acts only on the outside, and 
the quantity of burning matter in the 
surface of a small flame, is too small to 
produce much effect. But when flame 
is produced in large quantity, and is pro- 
perly mixed and agitated with air, its 
power to heat bodies is immensely in- 
creased; it is, therefore, peculiarly proper 
for heating large quantities of matter to a 
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violent degree, especially if the contact of 
solid fuel with such matter is incon- 
venient. Flaming fuel is used for this 
reason, in many operations performed on 
large quantities of metal or metallic min- 
. erals, in the making of glass, and in the 
t -baking or burning of all kinds of earthen 
i .ware. The potters kiln is a cylindrical 
I cavity, filled from the bottom to the top 
with columns of ware. The only inter- 
stices are those that are left between the 
columns; and the flame, when produced 
in sufficient quantity, proves a torrent of 
liquid fire, constantly flowing up through 
the whole of those interstices, and heats 
the whole pile in an equal manner. 



" Flaming fuel is also proper in many 

. -works or manufactories, in which much 

rfuel is consumed, as in breweries, distil- 

Heries, and the like. In such works it is 

I^^Bvidently worth while to contrive the 

furnaces, so that heat may be obtained 

from the volatile parts of the fuel, as well 

as from the fixed; for when this is done, 

less fuel serves the purpose than would 



1 



EFFECTS OF HEAT. 69 

Otherwise be necessary. But this is little 
attended to, or ill understood, in many of 
those manufactories. It is not uncom- 
mon to see vast clouds of black smoke 
and vapour coming out of their vents. 

** This happens in consequence of their 
throwing too large a quantity of crude 
fuel into the furnace at once. The heat 
is not sufficient to iniiame it quickly, and 
the consequence is, a great loss of heat *." 

• 58. I hope it will not be considered an 
improper digression, to mention a subject 
which has lately excited a good deal of the 
public attention; I allude to the light pro- 
duced from the gas proceeding from the 
distillation of pit-coal. From the Philo- 
sophical Transactions, it appears that, as 
far back as the year 1735, it was known 
as a fact, that coal yields an inflamable 
gas, but its beneficial application seems to 
have been reserved for Mr. Murdoch, in 
the year 1792. The most extensive cot-* 

' BUdc't Lecliirei, vol, i. paga 319 — 3I& 
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ton-mill in the kingdom, has been, for 
several years, lighted up with the gas from. 
coal. The following extract from a peri^ 
odical work of extensive circulation *, as 
giving a summary view of this subject, 
and as containing some valuable facts 
respecting fuel, I trust will be acceptable 
to , the reader. But those who wish to 
pursue the subject, I would refer to the 
work alluded to, as well as to Mr. Mur- 
doch's " Account of the Application of 
Gas from Coal to Economical Purposes,^' 
published in the Philosophical Transac- 
tions for 1808, and reprinted in Nichol- 
son's Philosophical Journal, the Philosophi- 
cal Magazine, and the Monthly Magazine 
for the sanie year, 

" Pit-coal exists in this island in strata, 
which, as far as concerns the hundredth 
generation after us, may be pronounced 
inexhaustible; and is so admirably adapted, 
both for domfestic purposes and the uses 
of the ai'ts, that it is justly regarded as a 

* Edinbiixgh Review, toL xiii. page 47S. 
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most essential constituent of our national 
wealth. When exposed to heat, as we see 
it every day in our grates, it is manifestly 
composed of a fixed base of carbonaceous 
matter, and a variety of evaporable sub- 
stances, which are driven off in the form of 
smoke and dame. But, instead of being con- 
sumed in this open way, the coal may be dis- 
tilled, and these evaporable matters collected 
in proper vessels, and examined. They are 
then found to contain, besides a consider- 
able quantity of matter, which is condensed 
by cold into tar and alkaline liquor, an 
invisible elastic fluid, or gas, which no 
cold nor affusion of water caii condense or 
absorb. It is a compound of two highly 
infiamablc gases, which chemists call the 
light hydrocarbonate, and the heavy hy- 
drocarbonate, or olefiant gas; and this 
mixture burns with a very brilliant and 
beautiful light. Ic is this gas which fur- 
nishes the flame in our common fires'*; 

" * There are, in bet, accotding to Mr. Davy, three inflamable 
gaies given out in out firu; — the two we have mentianed, and the 
gaseoui aside nf carbon, which is tuiown by its blue flames They are 
all dimuictly perceptible; the light hydfocarbonate fomw the main body 
■r the flxme; the olcGanl appears in brilliant jett; and the gaieont 
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but its beauty is there impaired by the 
unavoidable alloy of smoky vapour. A 
separation, however, may be effected by 
the distilling process, which leaves the 
pure aerial fluid such as vre have described. 
All the new plans for lighting with coal- 
gas, proceed upon the principle of purify- 
ing this fluid, collecting it in reservoirs, 
and distributing it in tubes. From the 
furnace where the coal is distilled, a main 
pipe may convey all the evaporable matter 
into a large reservoir or gasometer, where, 
by various means — chiefly, we believe, by 
washing with water, it may be freed from 
impurities, and propagated through the 
tubes in every direction by its own elas- 
ticity. If nothing confine it, it will issue 
from the extremities in an equable flow, 
but still invisible, till a lighted taper be 
applied, when it bursts into flame, and 
continues to burn as long as the gas is 
supplied. Mr. Accum found, by a coin- 
parison of shadows, in the manner sug- 



cxide ii occauoaolly well near the root of the flame, or ui contact wiA 
the vaL It u poniblE that a imall pottiao of thii oiide miT- mu inl^ 
Qlepared giii.- 
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gested by Count Rumford, that the hght 
of a gas flame is to that of an equal-sized 
flame of a candle or lamp as 3 to 1 *; or, 
in other words, that to light up a certain 
space, one gas flame will give as much 
light as three candles burning with a flame 
of equal size. The products of the com- 
bustion are, in both cases, the same,^ 
water and carbonic acid gas; but with this 
material difference, that candles frequently, 
and lamps always, give out a quantity of 
smoke and soot; whereas the combustion 
of the gas is perfect, and leaves no sensible 
residuum, — nothing that can soil the most 
delicate white. Its effects on the air of a 
room are, therefore, less insalubrious than 
those of a candle, since the only noxious 
substance it yields is carbonic acid gas; 
and this it produces in smaller quantity 
than our common lights. From the in- 



'* * We ^ould have su^ected ihe praportidi 

of gas, burnt fron 
In aize to ihac of 
oxygen gas in the 
V°> 
of 



was o*er-rated, had 
that 500 cubic Inches 
he orifice of a jet, lo as to produce a flame equal 
f an ordinary candle, consumed 107^ cubicinches of 
ic same time that a candle, kept burning in the best 
ble manner, coniumed only li79i and we know, that the IntEiuicy 
ly artificial light depends on the rapidity with which oiygen it 
ibiorbcd. '— See Appeodii to Report of the CoDimittee, &c. 
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flamable properties of the gas, exploMO^^" 
bursting of tubes, and other dangers might 
be apprehended. But there is no ground 
for such fears. On the contrary, nothing 
can be more simple or easy in the man- 
agement. The gas may be confined by a 
stop-cock with perfect safety, and issued 
as occasion requires. When it is exhausted, 
the Bame goes out as quietly as the flame 
of a candle does, when the tallow is spent. 



" Such are the nature and properties of 
this curious and beautiful substance, when 
examined in a small way in the laboratory 
of the chemist. But ic frequently happens, 
that theories perfectly just and elegant in 
themselves, and confirmed by experiments 
on a small scale, with a nice apparatus and 
skilful management, are yet, when at^M 
tempted in the large and wholesale wayjl 
utterly incapable of being reduced to prac- 
tice; and thus, many a promising plan has. 
ended with performing nothing. But, in"] 
the case before us, there are facts, of the. j 
description wc want to be collected from'n 
different quarters, and furnished by indi-» 
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Tiduats unconnected with each other, which 
fully verify the anticipations of theory, and 
the conclusions of more limited experi- 
ment. 



" This substance (coke) is the residuum 
that is found after all the evaporable mat- 
ter has been expelled from the coal by 
heat. It comes out from the distilling 
process in large spungy masses, greatly 
diminished in weight, but increased in 
bulk nearly one-third. Though somewhat 
more difficult of ignition than coal, it 
burns longer, and, gives out a steadier and 
more intense heat. That it should do so, 
will not appear strange to our chemical 
readers, (and who is there now, that does 
not know something of chemistry?) when 
it is considered that the quantity of mat- 
ter, which, in the combustion of coal, is 
changed from a solid to a state of elastic 
fluidity, must necessarily carry oiF much 
caloric in a latent state; while the glow 
of the coke radiates with an intensity un- 
impaired by any demand of this kind. 
The same respectable chemist we formerly 
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mentioned, bears testimony to the supe- 
riority of coke. * I have learned,' says 
Mr. Accum*, ' that the heat produced by coke^ 
ivhen compared with that which can be obtained 

from coal^ is at least as 3 to 2.' Thus he 
found, that it required three bushels of coal 
to distil a given quantity of water, and 
only two of coke. He tried the two sub- 
stances also by combustion, with a certain. 

■ measure of oxygen gas, by the fusion and 
,the reduction of metals, &c.; and the same 

' result was obtained, — a result certainly not 
■unimportant, since it proves that, by being 
forced to yield the material of a beautiful 
light, coal is actually improved very con- 
siderably in its power of giving heat. 

" Before taking leave of Mr. Winsor, we 
shall present the reader with the results of 
his analysis of coal, which, we should have 
been cautious of admitting among authentic 
facts, had not the Committee declared, that 
the experiments were repeated in their pre- 
sence, and that they corroborated Winsor's 



• Appendix to Report of ihe Committee, &i 
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printed statement in the most satisfactory- 
manner. Two pecks of Neivcastle coal^iveigh'mg 
36 Ib.^ produced three pecks ofcoke^ weighing 24 
lb. 2 02., about 34 lb. of oily tar^ and about 4i of 
alkaline liquor; and^ as the only other product 
was gas^ it is concluded that gas constituted the 
remainder of the -weighty amounting nearly to 
four powids" 

59. I shall collect here the efftct of 
several kinds of fuel in producing heat, as 
given by authorities which have come un- 
der my observation, and afterwards make 
a comparative abstract of the result. The 
distillation of water is a simple and satis- 
factory mode of comparing the effects of 
fuel. \ 



60. Mr. Dalton says, for the sake of 
those who are more immediately interested 
in the economy of fuel, that the heat given 
out by the combustion of 1 lb. of charcoal^ 
and, perhaps, also of pit-coal, is sufficient 
(if there were no loss) to raise 45 or 50 lbs. 
of -water from the freezing to the boiling 
temperature; or ic is sufficient to convert 
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7 or 8 lbs. of water into steam. If more 
than this weight of coal be used, there is 
a proportionate quantity of heat lost, which 
ought, if possible, to be avoided *. 

61. In Dr. Black's Lectures, vol. i. page 
184, we have the following note: "100 
pounds weight of the best Neivcastle coal^ ivhen 
applied by the most judiciously constructed fur^ 
nace^ will convert about 1^ wine hogshead '\ of 
water into steam that supports the pressure of 
the atmosphere. 

62. By this account, observes Count 
Rumford, which he (Mr. Kirwan) tells me 
is founded on experiments made by Mr. 
Lavoisier^ it appears, that equal quantities 
of water under equal surfaces, may be 
evaporated, and consequently equal heats 
produced 



lbs. of coaksy '\ 

— of pit-coal, ( 
•— of charcoal, | 

— of oak, J 



By 403 lbs. of coaks, "^ TBy 17 of coaka, 

, ] 

1089 — of oak, J C 33 of oak %. 



600 — of pit-coal, ( . J 10 of pit-coal, 

600 — of charcoal, f J 40 of charcoal, 



* Dalton's Chemical Philosophy, page 82. 

f Equal to 12.63 cubic feet. 

I Rumford's Essays, voL ii. page 134. 
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" From the result of my 20th experiment, 
it appeared that 2(V5 lbs. of ice-cold -water 
might be heated 180 degrees^ or made to boil 
under the mean pressure of t}u atmosphere^ at 
the level of the surface of the ocean^ with the 
heat generated in the combustion of I lb. of 
pine-wood. Computing from the resuh of 
this experiment, and from the relative quan- 
tities of heat producible from pine-wood 
and from pit-coal, it appears that the heat 
generated in the combustion of 1 lb. of pit-coal^ 
•would make 36A lbs. of ice-cold water boil. — 
Hence it appears, that pit-coal should heat 
36 times its weight of water, from the 
freezing point to that of boiling; and as it 
has been found by experiments, made with 
great care by Mr. Watt, that nearly 5* times 
as much heat as is sufficient to heat any 
given quantity of ice-cold water to the 
boiling point, is required to reduce that 
same quantity of water, already boiling hot, 
to steam; according to this estimation, the 
heat generated in the combustion of 1 lb. of coal, 
should be su£icient to reduce very nearly 7 lbs, 
of boiling hot ivater to steam *." 

* CoMDl RiunfoTil'i EnaT', val. iL paga ISG, I3T> 
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Dr. Crawford fotmd, by an expenment 
amaived with much mgenuity, and which 
mppiAT% to have been executed with tbe 
utmost care, that the heat generated in die 
combustion of 30 grains of charcoal raised 
the temperature of 31 lbs. 7 oz. Troy= 
181.920 grains of water It^ degrees of 
Fahrenheit's thermometer, wAtn none of tki 
heal generated was suffered to escape. Coil'> 
sequently, the heat generated in the combus- 
tion of \ lb. of charcoal^ would be sufficient to 
heat 57.608 Ibt. of ice-cold water 180 degrees:, 
or to make it boil; for 3157.9 grains of char- 
coal are to 181.920 grains of water, as 1 
of charcoal to 57.608 lbs. of water. 



From the result of Mr. Lavoisier's ex- 
periments, it appeared that the quantities 
of heat generated in the combustion of 
equal weights of charcoal and dry oak, 
are as 1 089 to 600. Hence we may con- 
clude, that equal quantities of heat are gen- 
erated by 1 lb. of charcoal and 1.815 lbs. 
of oak; consequently, that the heat gen- 
erated in the combustion of 1.815 lbs. of 



oak, would heat 57.( 



lbs, of ice-cold 



A 
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water, — or 1 lb. of oak, 31.74 lbs. of ice- 
cold water 180 degrees, or cause it to boil; 
•were no part of the heat generated in the com- 
bustion of fuel lost *. 

QS. " The comparative examination of 
the intensity of the heat produced by burning 
tharcoal and charred turf proves that the heat 
if the latter is (to that of the fonner] nearly 
in i/ie proportion of three to one f* 

64. " Mr. Watt finds, that it requires 
eight feet surface of boiler to be exposed 
to fire, to boil off one cubic foot of water 
per hour, and that a bushel or 84 lbs. New- 
castle coal^ so applied, will boil off from eight 
to twelve cubic feet %. 

65. " The heat expended in boiling off 
« cubic foot of water, is about six times as 
much as would bring it to a boiling heat 

■ Count Rumford'e Euaj, yoL li. plge 139, 140. 
f" Inquiry into the comparttiTe intenuty of heat produced by (he 
eombiution of charcoal and charred turf," in the Memoirs ot the Acad- 
«my af Science! of Pans, Repertory of Arts, vol. v. p, 4 1 0. 
i £□. firil. Supplemeiit. 

I. 



82 EFFECTS OF HEAT. 

from the medium temperamre, {SS"") in 
this climate*." 



66. Mr. Watt, I believe, for his steam- 
engines, in situations where wood is the 
fuel employed, allows tAree times the weight 
of wood ^ that he does of Newcastle coaL 

67. Newcastle coal produces much more 
heat than the generality of Scotch coal, A 
bushel of Newcastle coal^ which iveighs \of a 
cwt. is reckoned to produce as much heat as a 
cwt. of Glasgow coal. 

68. Small coal or culm, is much used 
for steam-engines. From repeated trials, 
made in the neighbourhood of Glasgow, 
// requires just double the weight of culm that 
it does of coal to produce the same heat. At 
the prices in 1808, the cost of culm was 
to that of coal, supplying the same work 
as 12 is to 14, thus producing a saving of 
4 by the use of culm. 



En. Brit. Supplement. 
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B9. " A wax candle i of an inch in 
diameter, loses a grain of its weight in 37 
seconds, and consumes about three grains, 
or 9 cubic inches of oxygen gas, produc- 
ing heat enough to raise the temperature 
of about 15000 grains of water a single 
degree. According to the experiments of 
Mr. Lavoisier and Mr. Laplace, the com- 
bustion of 10 grains of phosphorus, 
requires the consumption of 15 grains of 
oxygen; the combustion of 10 grains of 
charcoal 26, and of hydrogen gas 56; and, 
by the heat produced during the combustion 
of a pound of phosphorus, 100 pounds of 
ice may be melted; during that of a pound 
of charcoal^ QG\; of hydrogen gas, 2955; of 
wax, 133; and of olive oil, 149; and during 
the deflagration of a pound of nitre, with 
about one-sixth part of its weight of char- 
coal, 12 pounds of ice may be melted^." 

70. The following table contains a 
comparative abstract of the effect of sev- 
eral kinds of fuel in producing heat. 



• Toiuie'b Nat. Phil, vol i. p. 634. 
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The numbers ia the fourth column, point 
out the Articles in this Essay which coQ^ 
tain the authority upon which the abstract 
is made, or on which the proportions are 
calculated. 
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SECTION V. 



I 



Of the Motion qf Heat. 

IX. The temperature of bodies being 
liable to perpetual fluctuation, to deter- 
mine the nature of the motion of heat in 
the same body, and in its passage from 
one body to another, arising from its 
incessant tendency to an equilibrium, 
becomes of much practical importance. 
Dr. Ingenhouse to show the relative con- 
ducting power of the different metals, 
made this simple experiment; — he took 
equal straight pieces of stout wire of the 
different metals, drawn through the same 
hole and of the same lengths, and dipping 
them into melted wax. He then held 
one end of each of these wires in boiling 
water, and observed how far the coating 
of wax was melted by the heat commun- 
icated through the metal, and with what 
celerity the heat passed, 

72. The property by which bodies 
receive, and part with heat when in com- 
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munication with others of a different tem- 
perature, is termed their conducting pouuer. 
Those which have their temperature 
quickly altered by communication with 
other bodies, are said to be better con- 
ductors of heat, than those which receive 
and part with it more slowly. 

73. The power of conducting heat, 
varies greatly according to the nature of 
the subject. In general, it may be re- 
marked that dense bodies are the best 
conductors of heat, and that those which 
are more rare conduct it very imperfectly. 
The metals, for instance, are good conduc- 
tors. Earthy substances conduct more 
slowly. Wood is a very imperfect conduc- 
tor. Hair, fur, feathers, &c. which form 

» 

the covering of animals, are still inferior 
in their conducting power. The same 
matter in its different states of aggregation, 
differs in this property. Thus an iron bar 
or an iron plate is a much better conduc- 
tor than iron filings, and wood than saw- 
dust. 
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74. But though these experiments were 
very ingenious and simple, and, perhaps, 
sufficiently accurate for a great variety of 
practical purposes, yet philosophers, when 
the truth can be more nearly ascertained, 
are not satisfied with these approximations. 
Professor Leslie described to me an appar- 
atus, which seems well calculated for this 
purpose, but which he had not then ap- 
plied. I hope, however, he will soon 
favour the public with the result of his 
inquiries on this subject. 

Dr. Ingenhouse, from his experiments, 
concluded, " that the conducting powers 
of the metals which he examined, were in 
the following order *. 

Silver, 
Gold, 

rj^' ' [• nearly equal. 

Platinum, "] 

Stee/ ^ much inferior to the others. 

Lead, 

•Jour, de Phys. 1789, p. 68. 



as 
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*' Next ta metals, stones seem to be the 
best conductors; but this property varies 
considerably in difierent stones. Bricks 
are much worse conductors than most 
stones. 

" Glass seems not to diflPer much from 
stones in its conducting power. Like 
'them, it is a bad conductor. This is the 
reason that it is so apt to crack on being 
suddenly heated or cooled. One part of 
it, receiving or parting with its caloric 
before the rest, expands- or contracts, and 
destroys the cohesion. 

'^ Next to these come dried woods. Mr. 
Meyer* has made a set of experiments on 
the conducting power of a considerable 
number of woods. The result may be 
seen in the following Table, in which 
the conducting power of water is sup- 
posed = 1. 



• Ann. de. Chim. xxx. 82. 
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BODIES, Conducting 

Fvtver, 

Water =1.00 

Diaspyrua ebenum, or ebony ------ =2.17 

Pyrus xnalusy or the common apple-tree - - - =2. 74? 

Fraxinus excelsior, or the ash -tree - - - - - =3.08 

Fagus sylvatica, or the beech tree - - - - - ^e3,21 

Carpinus betulus, or common hornbeam - - - =3.23 

Prunus domestica, or common plum tree - - - =3.25 

Ulmus, or the elm --------- =3.25 

Quercus robur pendunculata, or common oak - =3 26 

Pyrus communis, or the common pear tree - - =3.32 

Betula alba, or the common birch tree - - • =3.41 

Quercus robur sessilis, the low growing oak • =3.63 

Pinus picea, or yew leaved fir - - - - - - ^3.75 

Betula alnus, or the alder tree • - - - - - =3.84 

Pinus sylvestris, or the wood pine - - - - - =3.86 

Pinus abies, or the European spruce fir - - - =3.89 

Tilea Europaea, or the European lime tree - - =3.90 

" Charcoal is also a bad conductor: 
According to tHe experiments of Morveau, 
its conducting power is to that of fine 
sand : : 2 : 3 *. Feathers, silk, wool, and 
hair, are still worse conductors than any 
of the substances yet mentioned. This is 
the reason that they answer well for 
articles of clothing. They do not allow 
the heat of the body to be carried off by 



* Aon. de Cfaim. xztL 92^. 

M 
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the cold external air. Count Rumford 
has made a very ingenious set of experi- 
ments on the conducting power of these 
substances *. He ascertained that their 
conducting power is inversely as the fine- 
ness of their texture. 

" The conducting power of liquid bodies 
has not been examined with any degree of 
precision. I find, by experiment, that the 
relative conducting powers of mercury, 
water, and lintseed oil, are as follows : 

1. Equal Bulit, 

Water =1 

Mercury ----- ^2 
Lintseed oil - - - - =1.111 

II. Eguai IVeigkts. 

Water =1 

Mercury ----- .^4.8 
Lintseed oil - . . . =1.085 

" As bodies conduct caloric in conse- 
quence of their affinity for it, the inequality 
of their conducting power is a demonstra- 

•Phil. Tran«. 1792, 
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Hon that their afEnitles for caloric are also 
unequal. It is probable that their affinity 
for caloric is in all cases the inverse of 
their conducting power. If, therefore, we 
were in possession of the relative conduct- 
ing powers of bodies, the inverse of that 
would give us the affinities in absolute 
nunibers. Thus the atfinity of 



75. " When a fluid is heated at its 
surface, the heat gradually and slowly 
descends in the same manner as along a 
solid; and fluids seem to have a difference 
in their conducting power, analogous to 
that of solids. But when the heat is 
applied to the bottom of a vessel contain- 
ing a fluid, the case is very different, the 
heated particles of the fluid, in conse- 
quence of their diminished specific 
gravity, form an ascending current, and 
rise to the surface, communicating a 



• Tliomaon'fl Chem. voL i. p. 3S7^3?9. 
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portion of heat in their ascent to the 
contiguous particles, but still retaining 
a superiority of temperature; so that die 
increase of temperature in the mass is . 
first observed at the surface, and is 
constantly greatest there till commence* 
ment of ebullition in liquids, at which 
period the temperature is uniform. The 
conducting power of fluids then arises 
from two distinct sources: the one is the 
same as solids, namely, a gradual progress 
of the heat from particle to particle,exclusive 
of any motion of the particles themselves; 
the other arises from the internal motion 
pf the particles of the fluid, by which the 
extremes of hot and cold are perpetually 
brought into contact, and the heat is thus . 
diffused with great celerity. The latter 
source is so much more eflTectual than the 
former, that some have been led, though 
without sufficient reason, to doubt the 
existence of the former, or that fluids 
do convey heat in the same manner as 
soljlds. 
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" Nothing appears then, but that the 
communication of heat from particle to 
particle, is performed in the same way in 
fluids as in soHds; the rapidity of its 
diffusion in fluids, is to be ascribed to 
a hydrostatical law. But there is another 
method by which heat is propagated 
through a vacuum, and through elastic 
fluids, which demands our particular 
notice. By this we receive the heat of 
the sun, and by this, when in a room, we 
receive the heat of an ordinary fire. It is 
called the radiation of heat; and the heat so 
propelled, is called radiant heal *." 

76. " The activity of these rays, says 
Count Rumford, may be shown in dif- 
ferent ways, but in no way, in a more 
striking manner, than by the following 
simple experiment. When the fire burns 
bright upon the hearth, let the arm be ex- 
tended in a straight line towards the centre 
of the fire, with the hand open, and all the 
fingers extended and pointing to tlie fire. 



•Dalton.p. 100,101, lO;, 
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If the hand is not nearer the fire than the 
distance of two or three yards, except the 
fire be very large indeed, the heat will 
scarcely be perceptible; but if without 
moving the arm, the wrist be bent upwards, 
so as to present the inside, or flat of the 
hand perpendicular to the fire, the heat 
will not only be very sensibly felt, but if 
the fire be large, and if it burns clear and 
bright, it will be found to be so intense 
as to be quite insupportable *." 

77. " Till lately, we have been used to 
consider the light and heat of the sun, as 
the same thing. But Dr. Herschel has 
shown, that there are rays of heat pro- 
ceeding from the sun, which are separable 
by a prism, from the rays of light; they 
are subject to reflection like light and to 
refraction, but in a less degree, which is 
the cause of their separability from light. 
The velocity of radiant heat is not known, 
but it may be presumed to be the same 
as that of light, till something appears 

* Ruinford*8 Essays, vol. ii. p. 47. 
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He contrary. An ordinary fire of red 
hot charcoal, or, indeed, any heated body, 
radiates heat, which is capable of being 
reflected to a focus, like the light and heat 
of the sun; but it should seem not to be 
of sufficient energy to penetrate glass, or 
other transparent bodies, so as to be re- 
fracted to an efficient focus *. 

78. " Dr. Hoffmann, appears to have 
been the first that collected the invisible 
heat of a stove into a focus, by the reflec- 
tion of one or more concave mirrors. 
Bufl?bn, Saussure, Pictet, and Mr. King, 
made afterwards similar experiments on 
the heat of a plate of iron, and of a vessel 
of boiling water f." 

79. Professor Lesslie, has lately ascer- 
tained and published in his " Inquiry on 
Heat," several new and important facts, 
relative to the radiation :|: of heat. Some 



■ Dalton, p. 101 and 103. 



t Young's Nat. Phil. p. 63". 



i Profeuar Leitlie ciUa this the puliation of heai 
radiation, not being applicable iccarding to hii theory. 
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of the principal of these facts, it will be 
proper here to mention; but I shall first 
endeavour to give some idea of the instru<- 
ments which he used. 

These were concave mirrors of tin-plate, 
about 14 inches in diameter, and tin-plate 
cannisters of different sizes, one side of 
which was kept clean and bright, the 
opposite was covered with writing paper, 
or painted with lamp black; the other 
sides were left for miscellaneous service. 
With these was employed an ingeniously- 
constructed and delicate air thermometer, 
than which nothing could be more simple 
and commodious, and for the invention of 
which, the philosophical world are indebted 
to Mr. Lesslie. It is thus constructed. 

80. " Two glass tubes of unequal 
lengths, each terminating in a hollow ball, 
and having their bores somewhat widened 
at the other ends, a small portion of 
sulphuric acid tinged with carmine being 
introduced into the ball of the longer 
tube, are joined together by the means 
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of a blow-pipe, and afterwards bent into 
nearly the shape of the lettei; U, the one 
flexure being made just below the joining, 
where the small cavity facilitates the adjust- 
ment of the instrument, which, by a little 
dexterity, is performed by forcing with 
the heat of the hand a few minute globides 
of air from the one ball into the otlier. 
The balls are blown as equal as the eye 
can judge, and from four-tenths to seven- 
tenths of an inch in diameter. The tubes 
arc such as are drawn for mercurial 
thermometers, only with wider bores; 
that of the short one, and to which the 
scale is affixed, must have an exact calibre 
of a fiftieth or a sixtieth of an inch; the 
bore of the long tube need not be so re- 
gular, but should be visibly larger, as the 
coloured litjuor will then move quicker 
under any impression. Each leg of the 
instrument is from three to six inches in 
height, and the balls are from two to four 
inches apart. The lower portion of the 
syphon is cemented at its middle to a 
slender wooden pillar inserted into a 
round or square bottom, and such that 
N 
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the balls stand on a level with the centre 
of the specuJur.i. A moment's attention 
to the construction of this instrument will 
satisfy us that it is affected only by the 
difference of heat in the corresponding 
balls, and is calculated to measure such 
difference with peculiar nicety. As long 
as both balls are of the same temperature, 
whatever this may be, the air contained 
in the one will have the same elasticity as 
that in the other, and consequently the 
intercluded coloured hquor, being thus 
pressed equally in opposite directions, 
must remain stationary. But if, for in- 
stance, the ball which holds a portion of 
the liquor be warmer than the other, the 
superior elasticity of the confined air will 
drive it forwards, and make it rise in the 
opposite branch above the zero, to an 
elevation proportional to the excess of 
elasticity or of heat. The interval be- 
tween freezing and boiling water being 
distinguished into an hundred equal parts, 
called centigrade^ each of these subdivided 
decimally, constitute the degrees which I 
employ, and which, following up the same 
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system of nomenclature, would be termed 
milligrade\ See Fig. 6, Plate 1. 

81. " I may notice a simple improve- 
ment, or modification of the diiferential 
thermometer, which fits it for estimating 
with nice precision, the intensity of the 
diffuse radiations of heat. It has still the 
form represented by Fig. 2, * only the 
ball of the graduated stem is completely 
gilt or enamelled with gold. But the two 
balls exposed to the same influence, will 
now receive very different impressions, 
and the excess of energy, which the in- 
strument marks, must, therefore, amount 
nearly to seven-eighths of the whole vi- 
bratory tide. Hence, it will measure the 
quantities of heat that are continually 
thrown from the fire into a room. We 
can thus calculate, with equal ease and 
certainty, the ralative advantages arising 
from various constructions of chimnies f." 

* Mr. Leslie's Fig. 3, \t the sanie as Fig. 6, Plate I, of thit Essay. 
t Leslie on Heat, p. 9— Ll.fCI. 
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8S. Mr. Leslie has also applied this 
instrument, in a very simple and ingen- 
ious manner, by covering one of the balls 
with thin silk, and moistening it to act 
as a hygrometer, or instrument for mea- 
suring the degree of moisture in the 
atmosphere. An instrument of the kind 
has long been wanted in the cotton and 
other manufactures. Respecting Mr. Dal- 
ton's hygrometer, as also those of Bereze^ 
lius, and Mr. Gough, the reader will find 
information in the Philosophical Magazine, 
vol. xxxiii. p. 39, 177. 

83. The following are some of the 
principal facts, which were discovered or 
confirmed by Professor Leslie. 

1st, If a given vessel be filled with hot 
water, the quantity of heat which radiates 
from it, depends chiefly upon fhe nature 
of the exterior surface of the vessel. 
Thus, if a canister of tinned iron be the 
vessel, then a certain quantity of heat 
radiates from it; if the said vessel be co- 
vered with black paint, paper, glass, &c. 
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it will then radiate 8 times as much heat 
in like circumstances *. 

84. 2d, " If the bulb of the thermometer 
be covered with tin-foil, the impression of 
the radiant heat is only ^ of that upon the 
glass surface. 

85. 3d, " A metalic mirror reflects 10 
times as much heat from an ordinary fire, 
or from any heated body, as a similar 
glass mirror does. This last is found to 
reflect the heat from its anterior surface, 
and not from the quick-silvered one, 
which is the most essential in reflecting 
solar light, and heat. Here then is a 
striking difierence between solar and 
culinary heat. 



* WbeD one tide of a tin-plate canister was coated with lamp black, 
another with writing paper, a third with gUra, and the fourth left bare, 
or CDTered with tin-foil, the differential thermometer rote when the 
Black side was eipoted to the jpeculum to ------- 100 

Writing paper .-..-.-..--.... 98 

Glus ---- - 90 

Tin-plate, or tin-foil ]S 
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^ From these facts it appears, that 
metals and other bodies which are emi- 
nently disposed to reflect radiant heat, are 
not disposed to absorb it in any remark- 
able degree; whereas black paint, paper, 
glass, &c. are disposed to Absorb it, and 
consequently to radiate it again in proper 
circumstances.'' 

86. 4th, ** The heat radiating from hot 
water, does not seem capable of being 
transmitted through glass like the solar 
heat. 

87. Sth, ** When a heated body is 
whirled through the air, the additional 
cooling effect is directly proportional to 
the velocity*." 

88. Mr. Dalton infers from his experi- 
ments, contrary to the results obtained 
by Mr. Leslie, that the same law of 
progressive cooling (viz. that " the tempera-- 
ture descends in geometrical progression to equal 

* Dalton*s Chem. Phil, pages, 103, 104, 105. 
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increments of time *") applies to a metalic 
as well as to a vitreous surface f. The 
surface, however, materially affects the 
whole time which is occupied in cooling. 

89. " After a long and intricate, but 
ingenious investigation, Mr. Leslie finds 
the cooling power of the air upon a hol- 
low sphere, six inches in diameter, and 
filled with boiling water, to be as follows: 
namely, in each minute of time, the fluid 
loses the following fractional parts of its 
excess of temperature, by the t/iree distitict 
sources of refrigeration in the air under- 
mentioned. 

" By abduction^ that is, the proper con- 
ducting power of air, the 524th. 

" By recession, that is, the perpendicular 
current of air excited by the heated body, 
thehx21715th. 
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^^ By pulsation^ or radiation^ the 2533d part, 
from a metalic surface, and dght times as 
much, or the 317th part from a surface of 
paper. It should be observed, that Mr. 
Leslie contends that air is instrumental in 
the radiation of heat, which is contrary to 
the received opinion *." 

In the above fractions, Mn Dalton does 
not acquiesce, and after detailing his own 
experiments, he proceeds as follows: 

" It will be proper now to inquire into 
the cause of the difference in the times of 
cooling, arising from the variation of 
surface. Mr. Leslie has shown the sur- 
face has no influence upon the time of 
cooling, when immersed in water; it 
should seem then, that the difference of 
surfaces in the expenditure of heat, arisen 
from their diflPerent powers of radiation 
solely ; indeed, Leslie has proved by direct 
experiments, that the heat radiating from a 
vitreous or paper surface, is 8 times as 

* Daltoo, page 106. 
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great, as that from a metallic surface. 
Taking this for granted, we can easily 
find the portions of heat dispersed by 
radiation, and conducted away by the 
atmosphere. For let 1 denote the quan- 
tity of heat conducted away by the at- 
mosphere, from a vitreous or metallic 
surface, in any given small portion of 
time, and x the quantity radiated from a 
metallic surface in the same time; then 8 x 
will be the quantity radiated from a vitre- 
ous surface in that time; and from the 
result of the last experiment we shall have 
2:3:: 1+x : 1 + 8 x; whence 2+16 x= 
3+3 Xy and x=^\ this gives 1-,^ for the 
whole heat discharged by metal, and lA 
for that discharged by glass in the same 
time, where the unit expresses the part 
conducted, and the fraction the part radi- 
ated. That is, from a metallic surface, 13 
parts of heat are conducted away by the 
air, and 1 part radiated; from a vitreous 
surface, IS parts are conducted, and 8 
parts radiated, in a given time. 
O 
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" The quantity of heat discharged by 
radiation, from the most favourable sur- 
face, therefore, is probably not mor? than 
4 of the whole, and that conducted away 
by the air not less than .6 — Mr. Leslie, 
however, deduces .57 for the former, and 
.43 for the latter, because he found the 
disproportion in the times of cooling of 
vitreous and metallic surfaces, greater 
than I find it in the lower part of the 
scale." 

" The obvious consequences of this 
doctrine, in a practical sense, are:" 

" Ist, In every case where heat is re- 
quired to be retained as long as possible, 
the containing vessel should be of metal, 
with a bright clear surface." 



" 2d, Whenever heat is required to be 
given out by a body with as much celer- 
ity as possible, the containing vessel if of 
metal, ought to be painted, covered with 
paper, charcoal, or some animal or vegi- 
table matter; in which case the heat given 
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out, will be 3 parts for ^ from a metallic 
surface *." For it is to be recollected, that 
the nature of the surface aiFects only that 
part of the heat which is radiated. The 
other two causes of refrigeration, called, 
by Mr. Leslie, abduction and recession^ or 
which come together under the more 
usual name of combined heat, remain the 
same whatever be the nature of the 
surface. 

90. Mr. Leslie, in an early part of his 
inquiry, having, as we saw (Art. 83.) ascer- 
tained that bodies differ widely in their 
power of projecting, absorbing, and re- 
flecting heat, instituted a set of experi- 
ments, with a view to ascertain the limits 
of this variation. From these experiments, 
he found that the chemical qualities of the 
heating surface, have a considerable influ- 
ence, as will appear from the following 
summary of the results of his experi- 
ments. 



• Dalwn'i Chem. Phil. US, IIS, HI 
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The standard effect of a coat of lamp-black being - lOD 
The effect of bright surfece of tin - - - - . • 12 

Iron or steel isas---------.- 15 

Mercury above -....---•-.-.go 

All oxydes act more powerfully as they 
recede from a metallic state. 

Clean lead, but rough, being as -19 

Lead tarnished by exposure to the air - - - - - 45 

Black lead or plumbago ..........75 

Red leady or minium as ......... SQ 

Dry size, or isinglass ....--.... 80 

Sealing wax and rosin are nearly eqUal to paper, which is - 98 
Ice - 85 

The polish^ where not naturally great, 
diminishes its action. Thus, tin-plate 
when hammered, (which Mr. Leslie calls 
planished tin,) its power to propagate heat 
is Qnly half that of ordinary tin-plate. 
The roughening of glass, however, does 
not increase its power of projecting heat. 

That of tin is doubled by covering it 
with stria or fiirrows made in one direc- 
tion, by a file or toothed-plane. This 
remarkable effect cannot be owing to the 
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greater surface exposed, because the in- 
crease of surface is exactly counteracted 
by the increase of obliquity, according to 
a law which Mr. Leslie established by 
experiment; and, besides, it is found that 
cross furrows by striating the surface in 
the other direction, nearly destroys the 
effect of those first made *. 

The thickness of the radiating surface 
has a great influence on its powers of 
action, a thin film of isinglass produces a 
radiation as 26, a thick film as 42, when 
the thickness exceeds the thousandth part 
of an inch, any subsequent increase does 
not augment its action. 

Mr. Leslie is of opinion, that these 
differences in projective power, may be 
resolved into the variations of the bodies, 
as to hardness and softness, and shows 
that the addition of moisture and still 
more of a mucilaginous substance, con- 
siderably augments the action of a sur- 



■ face painted black. 

H • Leilie on Hrat, p. 78, ( 
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Mr. Leslie doubts whether the quality 
of colour exerts any influence at all, in 
modifying the projective and absorbent 
powers of bodies. 

The various reflecting powers of differ- 
ent surfaces, bears some inverse ratio to 
their absorbent and projective powers, 
although many circumstances occur to 
prevent this ratio from being expressed, 
by one universal law. 

91. Mr. Leslie having investigated the 
Tarious circumstances which affect the ^ 
progress of the cooling of bodies, when J 
the enclosing boundary is considered 
mere physical surface ^ (Art. 88.) but where 1 
the surface of a body is defended by a j 
covering of slow conducting materials, 
the process of refrigeration, is retarded in 1 
proportion to the thickness of the exterior j 
coat. On this principle depends the utility j 
of cloathing, whether natural or artificial, 
also that of covering steam tubes withj 
slow conducting materials to prevent thej 
dissipation of heat. But it requires aT 
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Ill 



considerable thickness of such materials, 
to counteract the effect of the physical sur~ 
face in propagating heat. Thus, Mr. 
Leslie informs me, that he found it re- 
quired three plies of flannel to overcome 
its radiating power. 



92. " A fluid of such extreme rarity as 
air, if confined round a heated body, must 
like those spongy substances, have a 
decided influence to retard the operation 
of cooling. And this property is most 
distinctly perceived, though on a very 
limited scale. If a series of hollow 
cylindrical vessels be constructed of very 
thin brass, to fit into one another like a 
nest of boxes, the first or smallest, filled 
with boiling water, and with a fine ther- 
mometer inserted, being enclosed in each 
of the rest consecutively, according to the 
order of their width, and kept equally 
separate from the sides and bottom, by 
resting against protuberant points or a 
slender chequered ring; on plunging the 
canister with its adapted case, in a tub 
of water, the rate of cooling will be found 
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at every successive trial, regularly to 
diminish till the space of intercluded air 
' comes to exceed a quarter of an inchy when 
the eflFect will be reduced to about a six- 
teenth part. Beyond this limit scarcely 
any farther decrease is observed, there 
now being room suflScient to allow that 
active fluid to develope its mobility, 
which fully compensates for the increas- 
ing distance of communication. A linxit 
so narrow, must evidently preclude the 
great majority of instances that would 
occur. The property of confined air to 
retard the progress of cooling, is, there- 
fore, founded on a principle not quite 
obvious, and not hitherto explained. By 
employing a series of concentric cases, or 
septa^ this efiect is wonderfully height-^ 
ened. Yet a subject in itself so curious, 
and of such vast importance in the econ- 
omy of heat, has been generally over- 
looked, or only treated in a vague and 
superficial manner. As I purpose to 
consider it with some attention, 1 shall, 
for the sake of clearness, divide it into 
three branches: 1st, when the surface of 
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the internal canister, and its several cases 
are metallic; 2d, when those surfaces are 
all painted, or consist of glass; and 3d, 
when they are composed partially of both 
sorts. 

93. " 1st, When all the surfaces by 
which the included or exterior air is 
bounded, are metallic. 



" Suppose the canister so large that its 
surface may be regarded as equal to that 
of the exterior case, which is separated 
from it, only by a narrow space. After 
an equilibrium is attained, the case will 
receive and discharge heat exactly in the 
same proportion; it must, therefore, be 
just as much hotter than the external, as 
it is colder than the included air. Biit 
this confined portion, will have evident- 
ly the mean temperature of its bound- 
ing sides. Consequently, reckoning the 
heat of the room as a standard, the tem- 
perature of the outer case, must be equal 
to half the difference between itself and 
the temperature of the canister, or equal 
P 
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to one-third of this whole quantity. 
Hence, the canister under the shelter of 
its case, will cool three times slower than 
if it were exposed naked. Thus, when 
the central heat is 30°, that of the exterior - 
surface will be 10°, and their arithmetical 
mean, or 20°, will be the temperature of 
the confined stratum of air. Therefore, 
the rate of internal communication which 
cools the one surface in the same degree 
as it heats the other, will be as 10°, or 
equal to the discharge into the free sur- 
rounding atmosphere. 

" Imagine a second case to be now 
added. The mean temperature of the air 
which that contains, is equal to its differ- 
ence from the mean temperature of the 
air included within the first case; and 
either of these measures is equal to half 
the excess of the central heat above this 
last mean. Hence, the outmost case will 
have only one-fifth part of the tempera- 
ture of the canister; and, consequently, by 
the intervention of a double case, its rate 
of cooling is diminished five times. For 
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the sake of illustration, let the temperature 
of the central mass be ^^5°, then that of 
the first case will be 15°, and that of the 
second case 5°, the mean temperature of 
the inner stratum of air will be 20°, and 
that of the outer one 10°, the surface of 
the canister will regularly discharge a 
portion of heat as 5°, the nest septum will 
receive and deliver the same to the con- 
tiguous air; and the external case will 
absorb this portion, and finally discharge 
it into the air of the apartment. 

" Pursuing the same mode of reasoning, 
it would be easy to show, that, with three 
concentric cases, the canister would cool 
seven times more slowly; and with four 
such cases, nine times more slowly. In 
general, the degree of diminuflon is equal 
to double the number of cases increased 
by one, or the number of surfaces con- 
cerned: it is hence represented by the 
progression of the odd numbers, 3, 5, 7, 
9. 11, 13, &c. 



116 EFFECTS OF HEAT. 

" This result will appear sufficiently 
accurate when the canister is of consid*^ 
erable size, and the cases not too widely 
disjoined; for instance, if the canister 
exceeds a foot in diameter, and the. inter- 
vals between the cases are each of them 
not more than half an inch *. 

EXPERIMENT. 

" A cylindrical canister of planished 
tin, two inches in diameter and equ&I 
height, filled with boiling water, took 
117' to cool, from 30° to 10°; but en- 
closed within a similar canister of four 
inches in diameter, it required 176' to 
make the same descent. Another cylin- 
drical canister of four inches, and which 
took 156' to cool from 20° to 10°, re- 
quired 356 , when cased with a similar 
one of five inches ; yet, the interval being 
filled with flour, the effect was performed 
in 324'. And a square canister of three 
inches, that cools from 20° to 10° in 117', 
took 335' to perform the same effect, after 

* Leslie on Heat, pages, 87S— 378. 
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it was enclosed within two similar cases 
of foiir and five inches *. 



94. " 2d, The next division of the pro- 
blem is, where the caniscer and its stir- 
roiinding cases arc painted or vitreous. 
This condition will be found to alter 
materially the proportion of the result. 
When two such surfaces with imequal 
degrees of heat, are made to front each 
other, they will not, like metallic plates, 
act the same as if they were quite insulat- 
ed; but must, by their pulsatory energies, 
exert a mutual influence to accelerate the 
progress towards an equilibrium. If their 
visual magnitude be very considerable, 
or their extent great in comparison of 
their distance, almost the whole of those 
opposite dispersive pulsations, will be 
intercepted and received on both sides. 
But, with a moderate difference of tem- 
perature, the vibratory discharge, consti- 
tutes very nearly the half of the ordinary 
measure of communication. Therefore, 
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the vitreous or painted surfaces must emit 
or absorb heat, one-half faster than if they 
were removed beyond each others sphere 
of action, but accompanied by the same 
intercluded atmosphere. 

" If the one surface be completely en- 
compassed by the other, it is evident, that 
the exterior will receive all the diverging 
pulsations ; and, if the interior be not dis- 
proportionately small, it must, in its tiim, 
intercept those which are reciprocally 
convergent *. 

95. " 3d, The last branch into which 
the problem divides itself, is, that where 
vitreous and metallic surfaces are pro- 
miscuously combined. But as such pos- 
sible combinations must, evidently, be 
very numerous, I shall select only their 
principal varieties. 

" Suppose a painted canister is included 
within a bright tin case. If the reflective 
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power of tlie Internal surface of the case 
were absolutely complete, the progress of 
refrigeration would be exactly the same 
as if the canister had a metallic lustre; 
for the discharge of heat by pulsation 
would then be rendered altogether abor- 
tive, being constantly sent back from the 
case to its source, and there re-absorbed. 
The efiect would thus be comparatively 
much greater than in any of the preced- 
ing instances. However, the defective 
reflection, or partial absorption of the tin, 
sensibly modifies the result. -It is obvi- 
ous, that the mean temperature of the 
intercluded air, will be determined in the 
same manner as before. But, while a 
polished metallic surface emits nine parts 
of heat, a painted one disperses sixteen. 
Of the sixteen parts, therefore, which the 
canister is capable of discharging, no 
more than ten prove really effective, the 
additional part only being absorbed by 
the inner surface of the case. Hence, the 
temperature of the exterior surface, must 
be somewhat greater than the mean in- 
ternal difference, to enable it to disperse 



120 EFFECTS OF HEAT. 

its invigorated accesions of heat into free 
space. 

" Let the position be now reversed, the 
surface of the canister being clear, and its 
exterior case painted on both sides. This 
case will, therefore, absorb at its inner 
surface, ten parts of heat, of which the 
canister makes an effective discharge; but, 
with the same difference of temperature, 
it would disperse sixteen parts into the 
free external atmosphere *. 

" It would be superfluous to prosecute 
this subject any farther. The examples 
which have been chosen are sufficient to 
explain the varying mode of investigation. 
When several cases are employed, alter- 
nately vitreous and metallic, the effect is 
nearly the same as if they were all metallic; 
but the general influence, will depend 
chiefly on the quality of the outmost sur- 
face. For the same reason, the vitreous 
or painted surfaces, will have much less 



Passes S90, S91, 392. 
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power to retard the process of cooling 
when they lie adjacent, than when they 
are interspersed *. 

" With equal facility, may be deter- 
mined the progress of refrigeration, which 
obtains on the immersion of the apparatus 
in a liquid mass. Since the discharge of 
heat by external pulsation is now pre- 
cluded, the nature of the extreme bound- 
ary, will have no influence whatever on 
the measure of effect. This result must 
depend almost entirely on the quality, the 
position, and the number of the interior 
surfaces f . 

" A cylindrical canister of planished tin, 
three Inches in diameter and height, and 
which in still air takes 117' to cool, from 
20" to 10° would require 249' if in- 
cluded regularly within a similar cylinder 
of four inches, but only 185' if the whole 
were immersed in a tub of water. The 
same canister when painted, would, in a 



• Page 394. 
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close room, cool in 61', or, surrounae3" 
with its case likewise painted, in 98', and 
both plunged in water would take only 
64'. 



" In all these examples, the canister and. 
its several cases are regularly separated 
from each other by intervals of half an 
inch. If the divisions approach nearer, 
their effect soon becomes altered; for the 
successive strata of intercluded air as they 
diminish in thickness, lose in some degree 
their internal mobility, and begin passively 
to transmit heat like a solid mass. When 
the terminating surfaces mutually approx- 
imate, not only is the fluidity of the thin 
shells of air proportionally cramped, but 
the power of communication is likewise 
invigorated by the shortness of the pas- 
sage, and consequently the quicker grada- 
tion of temperature. On both these 
accounts, therefore, the quantity of trans- 
mission will increase with most rapid 
progress, as the septa contract their Hmits. 
Thus, a cylindrical tin canister of three 
inches in diameter and height, placed 
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within a similar one of four inches, will 
cool about one-sixtieth part faster, if 
shifted from its position in the middle to 
a quarter of an inch from the bottom; 
and nearly one-nintieth part still faster, 
when advanced only au eight of an inch 
from that boundary. Hence, we may 
compute that a stratum of air one quarter 
of an inch thick, transmits through its 
substance, about a sixth part of the heat 
which it is fitted to communicate in the 
ordinary mode, and if reduced to half this 
thickness, it will deliver nearly equal 
shares in both ways. 

" But to discover more accurately the 
progress of this internal transmission, I 
procured another intermediate cylinder of 
tin, with a moveable lid and three inches 
and three quarters in diameter. The 
three inch canister enclosed within this, 
had its rate of cooling reduced to 7-I5ths. 
But calculation gives J|, the difference 
being only t^; and, consequently, the 
aberration or accelerating influence, cor- 
respondiilg to an interval of three-eights 
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of an inch, must be extreme!)' sn 
The diameters of the cylinders are as 4 
and 5y and their surfaces as 16 and 25. 
Therefore, the temperature of the internal 
canister being denoted by imit, that of the 
outer case is iV x 4f = Itt - The mutual 
diiFerence is j^f, and hence, the canister 
exceeds the temperature of the interjacent 

1 25 265 160U rr,- r 

*^''' °y ^+"16 a75 '^ lif^' '■"^^ traction 
will express the ordinary measure of com- 
munication; but the actual discharge of 
teat is 7-15ths, or fff, and, therefore, ^^ 
or about the twelfth part of the whole, is 
conveyed away through the stratum of air 
by passive transmission. 

" When the intermediate cylinder was 
included within the four inch one, their 
interval being only the eight part of an 
inch, the deviation appeared now to have 
most rapidly increased. The rate of cool- 
ing, instead of 1 7-47ths was only reduced to 
17-26ths. The opposite surfaces being as 
225 to 256, or very nearly as 15 to 17, 
the temperature of the exterior one is iJx 
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44=a4|, and, consequently, the internal can- 
ister must exceed the temperature of the 
thin stratum of intercluded air by ;; x i4 = 
IfJ. This must denote the ordinary 
discharge of heat, but the real consump- 
tion is iB=lT^, which is nearly triple the 
former. Therefore, when the shell of air 
is only the eight of an inch in thickness, 
of 31 parts of heat, 10 are carried off by 
the general process, and 21 by quiescent 
communication. 

" But the close proximity, and still 
more the partial contact of the canister 
with its exterior case, has not merely a 
negative influence to diminish the retard- 
ation of cooling, k must actually accel- 
erate the dispersion of heat, since, in 
effect, it occasions an artificial enlarge- 
ment of surface. A tin canister of two 
inches square, will cool one-half slower, 
when planted in the centre of a similar 
one of four inches. But if it be made to 
touch three sides of the case, it will cool 
about three times faster than at first; for 
these sides having the same temperature as 
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the canister, and presenting twice its extent 
of surface, must double the refrigerating 
action, exclusive of the co-operation of 
the remaining sides, which will add at 
least one-half more. 



" To produce their proper effect, there- 
fore, it is requisite that the cases should 
■ be perfectly detached or insulated. The 
retardation of the process of cooling, de- 
pends entirely on the coldness of the 
external surface. But metals conduct 
heat so freely, that even a partial contact 
might be sufficient to cause an almost 
equal diffusion. If a round tin vessel of 
a broad and rather flat shape, have a cap 
fitted at each end, capable of being drawn 
out to different small distances, the rate 
of cooling will continue very nearly the 
same, through all the gradations from the 
position of absolute contiguity, till the 
circular plates are separated by an interval 
of perhaps three quarters of an inch. 
The narrow rims embracing the canister, 
rapidly abstract heat, and convey it to the 
prolonged bouudaries. We, hence, see 
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the defect of the ordinary form of pots 
with double lids, designed for culinary 
purposes */' 

96. Many useful practical applications 
of the principles here investigated might 
be made, Mr. Leslie has proposed a 
method of preserving ice, by enclosing it 
within a number of tin canisters, and has 
applied it for preserving liquids in a cool 
state in warm climates ; on the same prin- 



* A late ingenious experimenter, who by the perspicuity and useful 
tendency of his writings, is deservedly a favourite of the public, has 
advanced the paradoxical conclusion, that ** fluids are non-conductors of 
heat,** And this strange assertion from the celebrity of its author, hat 
been treated certsunly with more attention and respect than it other- 
wise merited (Art. 75.) If ilcthing more is meant, than that fluids as the 
consequence of their extreme mobility, convey the impressions of heat 
chiefly by means of their internal motions, the fact will not be disputed, 
but though perhaps more distinctly a]^)ounced, it can have very little 
claim to originality. If the proposition, however, be taken in its strict 
sense, it is most palpably erroneous. Were fluids absolutely incapable 
of conducting heat^ how could they ever become heated? Must we 
suppose that the particles of a fluid can imbibe heat from those of a 
solid, and yet not receive it from each other ? On mixing cold with hot 
water, a sort of heterogeneous compound will be formed, each molecule 
retaining without participation, its initial and peculiar temperature. 
And where no such intermixture can take place, how could water, for 
instance, be heated by the contact of warm air? But the question really 
deserves no serious discussion.** Leslie on Heat, pages S97 — 402^ 
552, 553. 
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ciple, a good mode of protecting water- 
pipes from freezing, would be to enclose 
them in tin-plate tubes, leaving a space 
of about an inch all round the leaden 
pipes. It is also well worthy of consid- 
eration, how far these principles might be 
applied in the construction of the casing, 
for tlie preservation of the heat of cylin- 
ders of steam engines. Its advantages in 
many situations of steam tubes is quite 
obvious. 

" Refrigeration of Bodies in various kinds of 
Elastic Fluids. 

97. " Bodies cool in very different times 
in some of the elastic fluids. Mr. Leslie 
was the first, I behevc, who noticed this 
fact; and he has given us the results of 
his experiments on common air and hy- 
drogeneous gas, of the common density, 
and al$o rarefied in various degrees. I 
made rome experiments with a vievr to 
determine the relative cooling powers of 
the gases, the result of which, it razj be 
proper to give. 



4 



EFFECTS OF HEAT. 129 

Thermometer immersed in \ cooled in 

carbonic acid gas - - ^ 112 seconds. 
— sulphuretted hydrogen, 1 

nitrous oxide, and ole- > 100+ 

fiant gas - - - - j 
— com. air, azotic and os- 7 i «« 

ygengas - - - - j 
— nitrous gas _ _ _ _ 90 
— carburet, hydrogen or 7 -„ 

coal gaa _ - _ - J 
— hydrogen ----- 40 

" Condensed air cools bodies more 
rapidly than air of common density; and 
rarefied air less rapidly, whatever be the 
kind. — The results of my own experience 
for common air were as follows: 

Dmilj eftki air, Thtrm. imJi » 

2------ 85 seconds. 

1 ----- - 100 

i ------ 116 

J 128 

i ------ 140 

t'5 160 

TT - 170 

R 
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" The expenditure of heat by radiation^ 
being the same in hydrogenous gas as in 
atmospheric air, we may infer, it is the 
same in every other species of gas; and, 
therefore, is performed independently of 
the gas, and is carried on the same in 
vacuo as in air. Indeed, Mr. Leslie him- 
self admits, that the diminution of the 
effect consequent upon rarefaction is ex- 
tremely small, which can scarcely be con* 
ceived if air were the medium of riadia- 
tion. 

" The effect of radiation being allowe^l 
constant, that of the density of the air 
may be investigated, and will be found, 
I believe, to vary nearly or accurately slb 
the cube root of the density *. 

* Dalton, pages 115—120. 




SECTION VI. 
Boiling or Ebullition. 

98. The internal commotion excited in 
any liquid, by the successive conversion 
of the lower portions of the fluid into 
vapour, and their violent effort under this 
expansive and elastic form, is denominated 
boiling or ebullition. Though usually it 
is not necessarily produced by the applica- 
tion of heat; for the removal of pressure 
from the surface of the fluid, will produce 
boiling in a liquid, previously in a quies- 
cent state. Thus, if a vessel holding 
warm water, be placed under the receiver 
of an air pump, as the exhaustion pro- 
ceeds and gradually withdraws the pres- 
sure, at a certain point of rarefaction 
boiling takes place. This point, therefore, 
is not so unchangeable as the melting 
point, for so far as is yet known, the 
melting point of each kind of matter is 
always the same. 
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99. " Every particular liquid has a fixed 
point, at which this boiling commences, 
(other things being the same,) and this is 
called the boiling point of the liquid. 
Thus, water begins to boil when heated 
to 21 2^ It is remarkable, that after a 
liquid has begun to boil, it never becomes 
any hotter, however strong the fire be to 
which it is exposed. A strong heat, inr 
deed, makes it boil more rapidly, but does 
not increase its temperature. This was 
first observed by Dr. Hooke. 

" The following Table contains the 
boiling point of a number of liquids. 

Bodies, •Boiling Point, a Bodies, Boiling Point, 



" Ether .... 98 
Ammonia .... 140 
Alcohol .... 176 

Water 212 

Muriat of lime - - 230 
Nitric acid .... 248 



•| 



Sulphuric acid - • 590 
Phosphorus ... 554 
Oil of turpentine . 560 

Sulphur 570 

Lintseed oil . - - 600 
Mercury - - - - 660 



" From the experiments of Professor 
Robison, it appears, that in a vacuum all 
liquids boil about 145° lower than in the 
open air, under a pressure of 30 inches of 
mercury; therefore, water would boil in 
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vacuo at 67°, and alcohol at 34'. 
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Papin's digester, the temperature of water 
may be raised to 300°, or even 400", 
without ebullition. But the instant that 
this great pressure is removed, the boiling 
commences with prodigious violence *." 

100. *' The opposite influence of heat 
and pressure on the constitution of fluids, 
is well exhibited by a ■ very simple, yet 
striking experiment. Take a large thin 
phial, and having warmed it gradually to 
avoid the risk of cracking the glass, fill it 
completely with boiling water, cork it 
tight and expose it to a current of cold 
air. As the water cools, it necessarily 
contracts its volume, and leaving an 
imperfect vacuity below the neck of the 
phial, it hence becomes, to a considerable 
degree, relieved from the load of atmo- 
spheric pressure; it, therefore, soon begins 
again to boil, nay, it will boll more brisk- 
ly the faster it cools; and this singular 
appearance, so contrary to our usual no- 



* Thomwn'i Chemiitrr, toL la, p. 9 
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tions, may continue, perhaps, for the 
space of half an hour, till the water has 
grown as cold almost as the temperaturef 
of the human body *. " 

101. From this cause of difference of 
pressure, the boiling point differs with 
the state of the atmosphere in the same 
country, and is very different in different 
countries. Thus, for instance, the boiling 
point in Britain, under the mean pressure- 
of the atmosphere, is at 212'' of Fahren- 
heit, while at Munich in Bavaria, it is 
only 2094°, and at Quito in South Amer- 
ica, much lower, owing to its great height 
above the level of the sea, where the pres- 
sure of the atmosphere is greatly reduced. 
Hence, the boiling point has been em- 
ployed to indicate the heights of places 
above the level of the sea. 

102. ** The circumstances which precede 
or accompany the phenomenon of boiling, 
are best observed in a thin transparent 



* BLee*8 Cyclopedia, Art. Boiliog. 
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flask, nearly filled with water, and sus- 
pended over a lamp or a charcoal fire. 
Numerous minute globules are seen col- 
lecting from all points towards the aides, 
and rising in a stream to the surface; 
occasioned evidently by the discharge of 
air, which is always In some proportion 
combined with water. As the heat in- 
creases, the liquid particles near the bot- 
tom of the flask, suddenly burst into 
steam, and shoot upwards; but in ascend- 
ing through the colder mass, they again 
collapse, stop their progress and seem lost. 
Such alternate expansions and contrac- 
tions, by throwing the fluid into a gentle 
tremour, frequently causes a peculiar sort 
of singing noise, which is rightly sup- 
posed to betoken the approach of actual 
boiling. This singing is more likely to 
happen in the case where heat is applied 
partially; for Instance, if a tea-kettle be 
placed at the side of the fire, since the 
heat is then more slowly and unequally 
diffused through the body of the water. 
But after the whole contents being fully 
penetrated, are warmed up to the requisite 
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degree of intensity, the steam, as fast as 
it is formed, ascends continually, and 
escapes unimpaired through the fluid, 
which it, therefore, heaves with violenc 
agitation*." 

103. When heat is applied to the bot- 
tom of a vessel containing water, the 
heated particles nearest the bottom be- 
comes specifically lighter, and, therefore, 
mount upward and quickly dispose thein-> 
selves in horizontal strata, according to 
their respective degrees of temperature. 
Thus, a vessel full of water is quickly- 
heated from below. But to communicate 
heat downwards from this hydrostatic 
law, is tedious and ineffectual. Not like 
a bar of iron, which is heated almost 
equally soon, whether its upper or lower 
end be thrust into the fire. So difficult is 
it to heat fluids from above, that Count 
Rumford inferred, that they were absolute 
non-conductors of heat. A mass of water 
heated from below, has the temperatures 



• Ret't Crclopedi», Art. Boilicj. 
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of the successive strara, reckoning upwards 
in an accelerating progression, and the 
centre of the vessel partakes more of the 
temperature of the bottom, than of the top. 
The progression is very nearly arithmetical, 
and Mr. Leslie informs me, that he found 
it about one degree, for every 10 inches in 
depth. Thus, when at ^212° at the surface, 
it will be 213°; at 10 inches below, 114"; 
at 20 inches, &c. 

104. " If a vessel containing water be 
placed over a steady fire, the water will 
grow continually hotter, till it reaches the 
limit of boiling, after which the regular 
. accessions of heat, are wholly spent in 
converting it into steam. The water, 
therefore, remains at the same pitch of 
temperature, however fiercely it boils. 
The only difference is, that with a strong 
fire it sooner comes to boil, and more 
quickly bolls away. Hence the reason 
why a vessel full of water, and plunged 
into the centre of a larger one, which is 
likewise filled with that fluid, barely 
acquires the boiling heat, but will never 
actually boil. 

S 



IL. 
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105. ^^ Hence the boiling heat of a deep 
cauldron, is always rather greater than that 
of a shallow pan. This excess, "we might 
estimate at nearly one degree of Fahrenheit, 
for each foot of depth. The heat of ebul- 
lition must also rise somewhat higher, if 
the steam be not allowed to escape as fast 
as it is generated; for which reason, there 
may be a slight difference of energy betiveen 
rapid and slow boiling. 

106. ** But the position of the boiling 
point, is likewise modified by the influence 
of chemical attraction. Thus, sugar, com- 
mon salt, and other saline substances, have 
all of them a tendency to fix water^ and 
retard the crisis of its conversion into 
elastic vapoun Strong brine will not boil 
until it is heated up several degrees above 
the ordinary limit. Hence, a vessel con- 
taining fresh water, and immersed in 
another which is filled with brine, will 
gently boil while the surrounding fluid 
only simmers. On the other hand, the 
addition of alcohol, renders water more 
volatile. In the distilation of spirits, the 
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fermented liquor in the copper, boils 
always at a lower temperature, or at some 
intermediate point between the ebullition 
of water, and that of alcohol. The spirit- 
uous fumes which rise, carry along with 
them a portion of erapourated water*." 

Of Steam or Vapour. 
107. Elastic fluids, which by cold or 
pressure are reduced wholly to a liquid 
state, are denominated vapour or steani. 
Such are the elastic fluids arising from 
water, alcohol, ether, mercury, &c. It is 
proper to distinguish these elastic fluids 
from those which have not yet been re- 
duced into a liquid state, by the agency 
of cold and pressure, which are commonly 
denominated gases. 

108. It is stated in Article 44, that bodies 
by changing their state, also change their 
specific heat; and hence, when a fluid is 
converted into vapour, it absorbs a great 
quantity of heat. Were a great quantity 



Kee'i Cyclopedn, vol. it. part 3, 
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of heat not necessary to the production of 
vapour, and the body already heated to 
that temperature, which it cannot pass the 
smallest possible degree, without being 
converted into steam; the consequence 
would be, an explosion of the whole water 
like gun-powder. But this great quantity 
of heat enters gradually into the vapour 
while it is forming, without making it 
perceptibly hotter to the thermometer, for 
it is found to be exactly of the same tem- 
perature, as the boiling water from which 
it arose. The water must be raised to a 
certain temperature, because of that tem- 
perature only, it is disposed to absorb 
heat, ai^d it is not instantly exploded, 
because in that instant, there cannot be 
had through the whole mass, a su£Bcient 
supply of heat. 

On the other hand, it is found, that 
when the vapour of water is condensed 
into a liquid, the same great quantity of 
heat is evolved, and the water into which 
it is changed, does not become colder to 
the thermometer by the loss of this great 
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quantity of heat. We are indebted to 
Dr. Black for this great discovery, which 
was the origin of his doctrine of latent 
heat. He brought to maturity his specu- 
lations on this subject, between the years 
1759 and 1763*. In these inquiries, he 
was assisted by his pupils, Mr. Watt and 
Dr. Irvine. Soon after this period, [viz. 
in 1764,) Mr. Watt made his first great 
improvement on the steam-engine. 

109. The combination of a certain 
quantity of heat in steam, Dr. Black estab- 
lished by the following facts. 



The water in a vessel set upon the fire, 
becomes hotter till it reaches 212°, but 
afterwards, although heat must be con- 
stantly proceeding from the fire, no increase 
of temperature takes place, the heat must 
therefore combine with that part of the 
water which flies oiF in steam. But the 
temperstufe of the steam, is only 212°, 
therefore the heat combined with it, does 
not increase the temperature. 

* See Preface to £Uck'> Lecturet, p. izit. 
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110. "Mr. Watt put three inches of 
water into a small copper digester, and 
screwing on the lid, he left the safety 
valve open. He then set it on a clear fire 
of coaks, and after it began to boil and 
produce steam, he allowed it to remain on 
the fire half an hour, with the valve open. 
Then taldng it off the fire, he found that 
an, inch of water had boiled away. In 
the next place, he restored that inch of 
water, screwed on the lid, and set it on the 
fire; and as soon as it began to boil, he 
shut the safety valve, and allowed it to 
remain on the fire half an hour as before. 
The temperature of the whole, was many 
degrees above the boiling point. He took 
it off the fire and set it upon ashes, and 
opened the valve a very small matter. 
The steam rushed out with great violence, 
making a shrieking noise for about two 
minutes. When this had ceased, he shut 
the valve, and allowed all to cool. When 
he opened it, he found that an inch of 
water was consumed *." 

^^^^^^^^H BUck'i Lecture!, L p. 160. ^^^^^| 

E 1 
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in. Dr. Black found, in this climate, 
that it requires 6 times the number of 
minutes to boil off a small quantity of 
water, than it takes to bring it to boil. 

Hence, 6 times the quantity of heat, 
which it requires to bring the water to 
the boiling point, is combined with tlie 
steam, and Mr. Watt found from accurate 
experiments, an exact coincidence between 
the heat thus combined with the vapour, 
and that which emerges from it when 
condensed or re-converted into water. 
" jind that the heat obtainable from steam. 
Capable of sustaining the ordinary pressure 
ef the atmosphere^ is not less than 900" of 
Fahrenheit's scale^ and that il docs not exceed 
950° *." Calculations from experiments 
made by Lavoisier, on the melting of ice, 
produce a value somewhat higher, of tlie 
heat which Dr. Black called latent of 
steam, " f making it 1000°, or perhaps a tittle 
more. 



• See BlacW't Lecture), toI. i. p. 175, 



144 EFFECTS OF HEAT. 

Hence, the great scalding power of 
steam. Hence also, the great heat pro- 
duced in the refrigitory of a common still. 

112. Dr. Black observes, " that it is this 
great quantity of heat contained in steam, 
that makes it so powerful and efiectual in 
the business of cookery *." He farther 
says, " steam is the most effectual carrier 
of heat that can be conceived, and will 
deposite it only on such bodies as* are 
colder than boiling water j*/' 

113. Whenever a body hotter than 212* 
comes in contact with boiling water, it 
raises its temperature and causes it to 
expand, but when a body colder than 
212° touches it, the heat quits the vapour, 
and it becomes water, or is condensed. 

114. Two English gallons of ice-cold 
water, dashed in small drops through the 
capacity of a steam cylinder containing 
three hogsheads, condenses the vapour 
which fills it t." 

• Black'i Lectures, p. 179. f IbiA 181. . ^ I^id. 177. 
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115. Vapour may be condensed by 
mechanical compression, as well as by 
cold. 

116. " Mr. Watt has made a great 
number of experiments, for ascertaining 
the bulk into which a cubic inch of water 
is expanded, when it composes the steam, 
which at the temperature 212", sustains 
the pressure of the atmosphere; some of 
these were direct, by evaporating a known 
quantity of water, others were more cir- 
cuitous, deduced from the performance 
of his engines. The medium result, gave 
about 1800 cubic Inches. We may say 
that a cubic inch of water, forms a cubic 
foot of such steam *." 

117. " As much heat is contained in one 
gallon of water in the form of steam, as 
would bring 5\ gallons of ice-cold water, 
to a boiling heat f ." 

118. From the low temperature at which 
water boils in vacuo, it occurred to Mr. 



' Black'* Lectures, wl, i 



p. 176. 

T 



t Bhck'i Lecturei, voL i. p, VtS. 
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Watt, Dr. Black and others, that distilling 
in vacuo, would be productive of a very 
great saving of fuel. With this viewj Mr. 
Watt instituted a set of experiments, but 
says Dr. Black, " The unexpected result of 
these experiments is, that there is no 
advantage to be expected in the manufac^ 
ture of ardent spirits, by distilling in vacuo. 
For we find that the latent heat of the 
steam, is at least as much increased, as the 
sensible heat is diminished *. 

119. In the course of a set of experi- 
ments, made for a practical purpose on 
steam, of very diflPerent degrees of density, 
a curious fact, I am informed, was observed, 
viz. that tAe same quantity of water passed 
through the same aperture in the form of 
steam, during the same space of time^ what- 
ever was the degree of density. 

120. " The elasticity of all the elastic 
fluids, into which liquids are converted by 
heat, increases with the temperature; and 
the vapour formed when the liquid boil^ 

* Black*i Lectures, toL i. p. 190» 
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in the open air, possesses an elasticity just 
equal to that of air, or capable at a medium 
of balancing a column of mercury, 30 inches 
high *." 

121 " TABLE of the force of Sieatn, at diff- 
erent Temperatures from actual eapertmerif, 
CBetancourl, in Proni/'s Archilcctitre^ Hydrau- 
lique.) 

Force in in chef 

- 11.0 

- 14.9 

- 18.7 

- 23.7 

- '29.8 

- 37.4 

- 46.5 

- S7.3 

- 69.7 

- 83.6 

- 97.1 

- 10.8 





Force in inches 




e. 


32" - 





16ii° 


- 


42 - 


- .08 


172 


_ 


52 - 


- .21 


182 


_ 


62 - 


- .38 


192 


_ 


72 - 


- .58 


102 


_ 


82 - 


- .87 


212 


_ 


92 - 


- 1.26 


222 


_ 


102 - 


- 1.74 


232 


_ 


112 - 


- 2.37 


242 


_ 


122 - 


- 3.16 


252 


_ 


132 - 


- 4.16 


262 


_ 


142 - 


- 5.43 


272 


_ 


152 - 


- 7.00 


282 


- 



'* In the 5th volume of ' Memoirs of the 
Manchester Society,' a table of the force of 
vapour, for each degree of Fahrenheit, is 
given by Mr. Dalton; the numbers below 

• ThomaoD's Chemistry, vol, i, p. 3G!i. 
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212 degrees, from experiment, and the 
higher nmnbers from calculation. Mr. 
Betancourt, however professes to have 
obtained all the above results from actual 
experiment." 



122. " TABLE of the Ea^pansion of a given Bulk 
of Air ^ between 32 ** and 212** Fahrenheit.*^ 



Tem. 


Bulk. 

• 


Tem. 


Bulk. 


Tem. 


Bulk. 


32° 


100000 


59° 


105616 


86° 


111232 


33 


100208 


60 


105824 


87 


111440 


34 


100416 


61 


106032 


88 


111648 


35 


100624 


62 


106240 


89 


111856 


36 


100832 


63 


106448 


90 


112064 


37 


101040 


64 


106656 


91 


1 12272 


38 


101248 


65 


106864 


92 


112486 


39 


101456 


66 


107070 


93 


112688 


40 


101664 


67 


107280 


94 


112896 


41 


101872 


68 


107488 


95 


113104 


42 


102080 


69 


107696 


96 


113312 


43 


102288 


70 


107904 


97 


113520 


44 


102496 


71 


108112 


98 


113728 


45 


102764 


72 


108320 


99 


113936 


46 


102912 


73 


108528 


100 


114144 


47 


103120 


74 


108736 


110 


116224 


48 


103328 


75 


108944 


120 


118304 


49 


103536 


76 


109152 


130 


120384 


50 


103744 


77 


109360 


140 


122464 


51 


103952 


78 
79 


109568 


150 


144544 


52 


104160 


109776 


160 


126624 


53 


104268 


80 


109984 


170 


128704 


54 


104576 


81 


110192 


180 


130784 


55 


104784 


82 


110400 


190 


132864 


56 


104992 


83 


110608 


200 


134944 


57 


105220 


84 


110816 


210 


137024 


58 


105408 


85 


111024 


212 


137440 
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123. " TABLE of the Expansion of Liquids 

by Heat.'' 



Tem. 



32° 
40 
50 
60 
70 
80 
90 
100 
110 
120 
ISO 
140 
150 
160 
170 
180 
190 
200 
212 



Mercury ^^^^.^^^ 



100000100000 



Sulphu- 
ric Acid. 



100081 

100183 

100304 

100406 

100508 

100610 

100712 

100813 

100915 

101017 

101119 

101220 

101322 

1014241 

101526 

101628 

101730 

1018351107250 



99752 
lOOOOOj 
100279; 
100558! 
100806 
101054 
1027601101317 
101540 
101834 
102097 
102320 
102614 
102893 
103116 
103339 
103587 
103911 



Nitric 
Acid. 


Water 


Oil of 

Turpen. 


Alcohol. 


99514 
100000 
100486 
100990 
101530 
102088 
102620 
103196 
103776 
104352 
105132 


100023 
100091 
100197 
100332 
100694 
100908 

101404 
102017 

103617 
104577 


100000 
100460 
100993 
101471 
101931 
102446 
102943 
103421 
103954 
104573 


100000 
100539 
101105 
101688 
102281 
102890 
103517 
104162 



124. *• TABLE of the Earpansion of Wafer 

by Heat.** 



Temp. 


Ezpanaioi^ 


Temp. 


Expansion. 


42.5° 


100000 


U2.5* 


100777 


52.5 


100030 


122.5 


101006 


62.5 


100106 


132.5 


101220 


72.5 


100182 


142.5 


101495 


82.5 


100273 


152.5 


101755 


92.5 ! 100471 


162.5 


102040 


102.5 i 100624 


172.5 


102260* 



Henry's Chemistry, Appendix, p. xxx. xxxi. 
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SECTION VII. 



Oflpiition^ 



125. " By ignirion (says Mr. Murray) is 
meant that illumination or emission of light 
produced in bodies, by exposing them to a 
high temperature, and which is not accom* 
panied by any other chemical change in 
them. It is to be distinguished from 
combustion, a process in which there is 
also the emission of light and heat. Com- 
bustion is always the result, not of mere 
increase of temperature in the body which 
suffers it, but of the chemical action of the 
air, or of a principle which the air contains. 
A certain class of substances, therefore, de- 
nominated Combustible, are alone suscepti- 
ble of it, and when the process has ceased, 
the body remains no longer combustible. 
Ignition is an effect of the operation of calo- 
ric alone; it is wholly independent of the 
air, for by immersing completely any body 
in melted glass, it is rendered luminous j 
all bodies, at least all solid and liquid 
substances, are equally susceptible of it; 
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and if It has ceased from a reduction of 
temperature, it may be renewed by the 
temperature being again raised*" 



126. " The point of temperature, at 
■which the first stage of ignition takes 
place, or at which, in common language, 
bodies arrive at a red heat, appears to be 
the same in all. Mr. Wedgwood gilded 
lines, running across a piece of earthen 
ware, and luted it to the end of a tube, 
which was placed in a heated crucible; 
the eye being applied to the other extrem- 
ity of the tube, no difference of time could 
be perceived in either the gold or the 
earthen ware, beginning to shine. No 
two substances can be more dissimilar; 
and it may be inferred that all bodies 
become red-hot at the same temperature. 
As this can be judged of, only by the 
illumination, it must, of course, appear 
various according to circumstances. In a 
body, therefore, which in the dark appears 
at a low red heat, the illumination will 
not be visible in day-light. Sir Isaac New- 
ton, by observing the celerity with which 
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a bodj cools, and calculating on the prin- 
ciple which has been already pointed out, 
(p. 161), concluded, that ignition visible 
in the dark, corresponds with 635"* of 
Fahrenheit's scale, full red heat with 752*"; 
and ignition visible in day-light, with 
above 1000**. Dr. Irvine having found 
that quicksilver boils at 672'', and having 
observed, that boiling mercury did not 
appear at all luminous in the dark, it ne- 
cessarily followed, that the point of igni- 
tion must be higher than Newton had 
supposed it to be. He had farther found, 
that when equal bulks of iron and water 
at different temperatures are mixed to- 
gether, the resulting temperature is nearly 
the tnean^ and he applied this method to 
determine the point of ignition; the result 
is not precisely known; but the heat of a 
common coal fire, he found to be TOO"" or 
796''*. Mr. Wedgwood by the expan- 
sion of the piece of silver, measured by a 
gage of baked clay, by which he endeav- 
oured to connect his thermometer with 



Chemical Essays, p. 33. 
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Fahrenheit's, as has been already ex- 
plained, fixed the point of ignition visible 
in the dark, at — 1 of his scale, which cor- 
responds with 947° of Fahrenheit; and 
ignition in day-light, he placed at the 
commencement of his scale, or 1077°. 
This differs from the preceding results; 
and as it is probable that the silver would 
suffer an increasing expansion, this might 
cause the temperature to appear higher 
than it actually was, and hence, have 
given the point of ignition too high. It 
is probably not far from 800° of Fahren- 
heit. 

127. " By raising the temperature, the 
illumination becomes brighter, and the 
red heat acquires a mixture of yellow 
rays. At length, by increasing the heat, 
we have the due proportion of coloured 
rays, which forms perfectly white light. 
This is the highest state of ignition, or 
any farther rise of temperature produces 
no apparent change. 
U 
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128.- " Ignition continues undimin- 
ished, as long as the temperature is kept 
up, unless the heat be such as to volatilise 
or alter the constitution of the ignited 
body. 

129. " The aeriform fluids are not 
brought into a state of illumination by 
heat. This was observed by Dr. Fordyce, 
in the example of the vapour, at the end 
of the flame of a blow-pipe, which though 
itself not visibly luminous at its extrem- 
ity, will, if applied to glass, raise it to a. 
white heat *. The fact was afterwards 
also established by Mr. Wedgwood. Air 
was forced to pass through an eariben 
tube, in a state of ignition, and was con- 
ducted into a globular vessel, from which, 
by an opening in the top, it was allowed 
to escape ; while by another opening in the 
side, closed by a piece of glass, the eye 
could be directed into the inside of the 
globe. On looking into it, the air which 
had passed through the ignited tube was 



• Phil. Trani, vol. Iivl. p. 50*. 
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not luminous; but if a solid body, as a 
piece of gold, was suspended in ir, this 
became luminous *. This is probably 
owing to the tenuity of aeriform fluids, 
whence they present too few points in a 
given space, to project a quantity of light 
suiEcient to excite vision. 

130. " The phenomena of ignition are 
produced, not only by the application of 
heat, but likewise by friction and attri- 
tion. When a piece of steel is struck 
against a flint, small particles of the 
metal are detached, which are at a red 
heat. Or if various hard minerals be 
made to act strongly against each other, 
they give out light. By applying, for 
example, quartz or agate to the circum- 
ference of a wheel of fine grit, revolving 
at a moderate rate; Mr. Wedgwood ob- 
served, that the substance applied became 
brightly red even in day-light, at the 
touching part; if the wheel revolved at a 
quicker rate, the part in contact emitted a 

• Phil, Trans. W. Ixvi. p. 501, 17fl2. 
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pure white light; and in both cases, glow- 
ing sparks were continually emitted, some 
of which were not extinguished before 
they had passed twelve or fourteen inches 
through the air. They exploded gun- 
powder and inflammable air; and burnt 
the skin, a sufficient proof that they were 
not merely luminous or phosphorescent, 
but ignited, or at a red heat. In the same 
mode, glass and porcelain were raised to a 
red heat. These appearances from attri- 
tion, are probably to be ascribed to the 
heat which is excited, rising sufficiently 
high to extricate their light, as the same 
bodies become Iximinous when directly 
heated, and as the same appearances are 
not produced in substances which are 
soft, these not having their temperature 
raised by attrition *." 

* Muiraf'i Chemistrr, vol i. p. SSS—SSI. PkiL Tnn*. I 

1793, p. 39. 



Description of Plate 1. 

ISl. Fig. ly is a comparative view of Fahrenheit's scalcy 
and Mr. Dalton's new divisions of the scale of the mercurial 
thermometer. The interval from freezing to boilingr water, 
is 180^ on both scales, and the extremes are numbered S2^ 
and 212° respectively. " There are no other points of tem- 
perature in which the two scales can agree *•'* 

Fig. 2y represents Reaumeur's scale, as also that o£ the 
centigrade, (Art. 10, 11). 

Fig. 3, shows the scale proposed by Mr. Murray, 
(Art. 12). 

Fig. 4, represents the connection of the mercurial ther- 
mometer, with that of Mr. Wedgwood, (Art. 26). 

Fig. 5, " is the logarithmic curve, the ordinates of which, 
are erected at equal intervals, and diminish progressively by 
the ratio ^. The intervals of the absciss or base of the 
curve, represent equal intervals of temperature, (25° for 
steam or aqueous vapour, and S4f° for ethereal vapour,) the 
ordinates represent inches of mercury, the weight of which 
is equal to the force of steam at the temperature. Thus the 
force of steam at 212°, and of ethereal vapour at 110°, new 
scale, is equal to SO inches of mercury; at 187* the force of 
steam is half as much, or 15 inches, and at 76*, that of 
ethereal vapour is also 15 inches, &c. f " (Art. 24.) 

Fig. 6, represents Mr. Leslie's differential thermometer, 
(Art. 80). 

* Dalton's Cbem. Phil. p. 317. f Dalton's Chem. Phil. p. 218. 
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HEATING 



MILLS, DWELLING HOUSES, AND 
PUBLIC BUILDINGS, 



By steam. 



SECTION I. 

132. IT may be proper, in general, te 
mention, that the steam is usually gener- 
ated in a boiler similar to those employed 
for steam-engines, and having similar 
apparatus for supplying it with water. 
The boiler is placed in any convenient 
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situation, in or near the building to be 
warmed; from it the steam is conveyed in 
pipes, through the various rooms inhere 
heat is required. 

Of the proportionate size of Boilers. 

133. The proportionate size of boilers 
is a point of considerable practical impor- 
tance. It has been ascertained, that one 

. cubic foot of boiler will heat about two 
thousand cubic feet of space, in a cotton 
mill*; (See Notes A. and B.) and if we 
reckon twenty-five f cubic feet for every 
horse^s powerX in a steam-engine boiler; of 

' course, such a boiler of a steam-engine, 
would be capable of warming ffti/ thou- 
sand cubic feet of space for every horse* s 
power of the engine. 

* In cotton mills the temperature is in general from 70 to 80 degrees 
of Fahrenheit. 

f I am aware that the quantity of steam, which a boiler will pro- 
duce, depends much more on the surface applied to the fire, than on its 
cubical contents: but I here allude to boilers of the form at preteat 
most generally used in steam-engines. Twenty-five cubic feet, how- 
ever, is an ample allowance. See Art. 64. 

\ Respecting the resistance to which a horse's power is estimated by- 
mechanics, as being equaL See my " Essay on the Teeth of Wheels.'* 
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134. A separate boiler ought, however, 
to be considerably larger than the extra 
size allowed on a boiler, used for the joint 
purpose of a steam-engine and warming a 
mill; to avoid the inequality of heat inci- 
dent to a boiler working to the full extent 
of its capacity. 

135. Having ascertained the size of the 
boiler, the fuel may be easily'^festimated by 
the following rule, which I believe Messrs. 
Boulton and Watt adopt with respect to 
their steam-engines: That isj about 14 ibs. 
per hour of good Newcastle coal ^ for each horse^s 
power. It may be proper, however, in 
general, to make a large additional allow- 
ance for defects in furnaces, and inattention 
in the attendants. See Art. 59 — 70. 



X 
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SECTION II. 

Of t/ie proportion of ^ Steam-pipe required to warm 

a given bpace. 

136. In cotton mills, it has been ascer- 
tained, that, in most cases, one superficial 
foot of exterior surface of steam-pipe^ will nvarm 
two hundred cubic feet of space. A larger 
allowance, however, of steam-pipe is usually 
given. Mr. H. Houldsworth, in the mill 
at Anderston, has about one hundred and 
seventy-nine cubic feet of space, to one su- 
perficial foot of external surface of steam- 
pipe. Messrs. Kennedy and Watt at 
Johnston, allow about one hundred and 
sixty-^ight feet. At Catrine, about two hun^ 
dred. But the temperature in those mills, 
is much greater than is required for common 
purposes, being from 70 to 85 degrees of 
Fahrenheit. (See Note B.) Mr. Macnaught 
has lately warmed a small chapel at Port- 
Glasgow, to a comfortable temperature, by 
one foot surface of steam-pipe to four hundred 
cubic feet of space. '-. "« 



/ 



EFFECTS OF HEAT. 163 

137. In the above examples, the steam 
used, is about the strength usually employed 
in Messrs. Boulton and Watt's engines *. 
Stronger steam would, no doubt, emit 
more heat from a given surface of steam- 
pipe, but it would be difficult in that case, 
to keep the joints steam-tight. 

138. The nature of the building ought 
first to be considered, whether much exposed 
to cold winds, whether it be closely finished, 
whether there be much wall, in proportion 
to its capacity, whether thp temperature 
required, be moderate or high. These 
circumstances being taken into considera- 
tion, a judgement may be formed of the 
proportion of steam-pipes, from what has 
been ascertained to be sufficient in existing 
cases. (See Note B.) 

* That is, the safety-valye on the boiler to be loaded to about 2^ lib. 
*o the square inch. 
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SECTION III. 

Of the Substance J atid Surface q/^tlie Sieam-pipe. 

139. In order to save expence, pipes of 
tin-plate have been tried, in preference to 
cast-iron. It was supposed too, that from 
its thinness, it would emit the heat more 
rapidly than cast-iron. Upon the same 
idea, thin copper pipes* were also tried 
Contrary to expectation, however, it Mras 
soon found, that the same surface of cast- 
iron gave out much more heat, than either 
the tin-plate or copper. 

140. Mr. H. Houldsworth made some 
experiments to ascertain the difference 
between tin-plate and cast-iron, with respect 
to their effects in emitting heat; and found, 
by measuring the quantity of steam con- 
densed in equal lengths r t pipe, or, in other 



* Copper tubes when heated, emit a disagreeable smell, which it it 
probable is as unwholesome as it is unpleasant. Lord Landsdown at 
great expence, applied them under the floor of his Library with a view 
to having it warmed by steam, but whether from this cause or froni 
the arrangement being improper, I know not, but the plan was aban* 
dpned* 
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words, by measuring the water of conden- 
sation, (Art. 45,) that, taking the effect of 
tin-plate in emitting heat as one^ the effect 
of cast-iron was equal to two and a half*. 

141. One of the apartments of the 
Adelphi cotton-mill, Glasgow, which had 
steam-pipes made of tin-plate, was not 
found so warm as was required. When 
this occurred, my attention was directed 
to some of Professor Leslie's experiments 
on heat, this induced me to try the effect 
of painting them black; the increase of 
heat, from painting, was great beyond ex- 
pectation. 

142. This trial led me to suspect that the 
greater effect of cast-iron arose, not from 
the nature of the substance, but from the 

• These experiments were made on tin-plate tulles, 5\ inchei 
external diameter, condensed 6 lbs. of water in the time that those of 
fast-iron 7-} external diameter, and of equal length condensed 22 lbs. 

Inches Lib, Inches lib. 

as 5^. : 6 : : 7^. Bs 8. 2. the quantity proportionate to the 
diameter of the pipe, t'U)§ and a half times^ which amounts to 20| lib. 
but the real quantity condensed we saw was 22 hb. It Is proper t* 
observe, that the tin-plate tubes were considerably tarnished by beinf^ 
about 2 years in use, (Art. 90). 
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colour and nature of the surface. I therefore 
had some experiments made to ascertain 
this fact *. The results were sufficient for 
my purpose at the time; but it were to be 
wished, that the subject might be examined 
by others with still greater accuracy. It 
appeared, that when equally dark in colour, 
and when the surface was equally rough, 
tin-plate emitted heat as rapidly as cast* 
iron f. 

143. Cast-iron, however, has been found 
much more durable, and convenient, in 
its application, than other metals, which 
have been tried. And it appears, when 
durability is required, that it is the only 
substance which seems properly applicable 
to the purpose. Indeed it has been adopt* 
ed in most of the late cases of warming 



* These experiments were made somewhat in the manner of thote^ 
of Professor Leslie. 

There was a canister having four equal sides, three of which were 
of tin-plate, and one of cast-iron. This canister was filled with hot 
water, and an air thermometer indicated the temperature. 

f Whether this effect proceeded from the joint operation of colour 
and roughness of surface, or from roughness alone, my experiments did 
not ascertain. Mr. Houldsworth tried cast-iron pipes painted various 
colours, hut found no difference of heat. (Art. 90). 
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by steam ij:. Some, nevertheless, still pre- 
fer tin-plate pipes, as being cheaper, more 
speedily erected, and, when painted, as 
effective in emitting heat. 

144. With regard to the thickness of 
the pipes, I do not suppose that this is to 
be limited but by expence; for a thick pipe, 
acting as a reservoir of heat, preserves a 
more uniform temperature than a thin one* 
It is usual, however, in order to save expence, 
to make them as thin as they can be con- 
veniently cast, which may be from a half 
to three-fourths of an inch. Professor 
Leslie obligingly suggested to me, that 
whenever the steam tubes come in contact 
with the walls of a building, in order to 
save the heat, a piece of tin-plate should 
be interposed, (Art. 90.) 

I Lead is a very improper material for conveying steam, it soon cracks, 
and becomes no longer steam-tight. When steam-pipes are made of 
tin-plate, or any other thin metal, it is necessary to have valves opening 
inwards, to allow the air to rush in, should a vacuum take place in the 
pipes. Where due attention has not been paid to this precaution, the 
pipes have often suddenly collapsed. In cast-iron pipes such valves are 
less necessary. 
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SECTION IV. 

General Observations respecting tlie Direction and 
Arrangement qftlie Pipes. 

145. In the arrangement of steam-pipes, 
one of the greatest difficulties which occurs, 
proceeds from the expansion of the nietaL 
— When the pipes are single, this is easily- 
overcome; but where pipes are connected 
at various angles, the principal difficulty is, 
at the same time, to preserve the joints?, 
and give liberty for expansion. 

146. To give some idea of the eflFect of 
the heat of steam, in producing expansion, 
I may mention, that a copper steam-pipe 
160 feet long, was two inches longer when 
filled with steam, than when cool; and 
that in practice^ the expansion of steam-^pipes of 
MS t 'iron may be taken at about one-tenth of an 
vnchy in ten feet of length. 

147. " Brass expands about one hundred 
thousandth of its length, for each degree 
qf Fahrenheit; copper and gold a little less; 
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silver somewhat more; iron and steel, about 
two-thirds as much; tin, one-third more; 
and lead and zinc about half as much 
more*." (See Art. 28,37.) 

148. Count Rumford, in warming the 
Lecture-Room of the Royal Institution, by 
steam, used drums of thin copper at the 
terminations of the pipes; the heads of 
these drums were about three feet in diam- 
eter, and yielded to the expansion of the 
pipes. This plan, however, in most sit- 
uations, would require too much space, 
and be attended with too much expence. 



149. When a straight pipe, filled with 
steam, stands in a vertical position, it is 
equally heated all round, and expanding 
equally, continues to be straight, but when 
it lies in a horizontal direction, the upper 
side becomes the hottest, and expanding 
more than the lower, bends the pipe, which 
in some cases endangers the joints. Mr. 
Dalton, in a letter of the Htli June, 1808, 

• Young'a Nat. PhiL toL i. p. G-13. 

Y 
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with which he favoured me, respecting my 
pamphlet on warmiing buildings by steam, 
says, " I do not feel convinced of the ad- 
vantages of vertical pipes, they must difBise 
less heat, having a hot current of air sweep- 
ing them. Could not the bending of the 
horizontal pipes, by unequal temperature, 
be prevented by soldering a small tin-plate 
to the upper surface of the pipe. This 
would take the excess of heat from the 
upper surface and dissipate it.'' 

Since publishing the pamphlet above 
alluded to, experience and reflection have 
convinced me of the justice of Mr. Dalton's 
observations, and I find it is only in case 
of joints made with flanches of great dia- 
' meter, that there is any danger of their 
breaking in a horizontal position from 
unequal expansion *. When air is heated, 
becoming more rare, it has a tendency to 

• In a mill which Mr. Houldsworth has heated by very thin cast-iron 
steam pipes, he found that several of those which were vertical gave 
way in the thimble joints, while all those which were horizontal 
remained good. The reason of this diflference probably is, that the 
horizontal pipes are more gradually heated, by tha water of conden- 
sation going before the steam. 
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ascend, horizontal pipes should, therefore, 
when practicable be placed near the floor, 
(Art. 89). 

150. In arranging steam-pipes, two 
points require considerable attention: First, 
conveniently to expel the air; and, j-cfoH^/^, 
to take oif the water resulting from the 
condensation of the steam; which, to avoid 
circumlocution, we shall call the water of 
condensation , 



In regard to thefrst point, the steam, in 
entering the pipes, may be considered as a 
kind of a piston, driving the air before it; 
for the steam and air mix very imperfectly 
in the pipes, and there appears almost a 
distinct line between their surfaces. This 
principle should therefore be kept in view, 
in fixing upon the place of the opening for 
allowing the air to escape, while the pipes 
are filling. One or n\ore passages is Hke- 
wise necessary, after the pipes are filled, 
in order to allow a small portion of steam 
constantly to escape, to keep up the heat 
in the pipes. For if this be not done, air 
will accumulate, and occupy the place of 
tlie steam. 
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151. With regard to the second poiatj 
* when it can conveniently be done^ it is 
better to make tAe water of condensation^ to 
run in the same direction with the steam. 
Indeed, in a horizontal pipe, the steam will 
drive the water before it, and will do so 
when the internal diameter does not exceed 
9\ inches; even if the pipe should have a 
considerable acclivity. Great care, how- 
ever, should be taken, to prevent the 'water 
from lodging in any part of the pipes. 
From want of due attention to this circum- 
stance, accidents have not unfrequendy 
happened. The water remaining in the 
pipes after they become cool, keeps one 
part of them cold. The consequence is, 
that next dme the steam is kt into the 
pipes, the regular expansion is prevented, 
some part of the pipe cracks, and a violent 
explosion takes place, racking the joints, 
to a considerable distance in every direc- 
tion, frem the place of explosion. • 



152. In most cases, it is attended with 
least labour and expence, to place die pipes 
in the horizontal direction. 
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SECTION V. 
Of (lie Meffiods of Connecting the Steam-Pipes, 
Method 1. Figure 1. 
153. Represents the method of con- 
necting pipes by means of Jlanches. A 
and B are the pipes, the projecting parts 
CD, are called tlie fanches. 

The junctures are secured by interposing 
rope-yarns, or some other pliant substance, 
and iron-cement, and then screwing up 
the whole by means of the screw-bolts 
EE, &c. In all cases where bolts are used 
in steam-pipes, they ought to be careftilly 
lapped with rope-yarn. 

Obsax'ations. 
When the pipes are horizontal, from in- 
equality of expansion, ^zjlanchcs are liable 
to be broken, or at least to leak at tlie bolt 
holes. For vertical pipes, they may often 
be applied with advantage. This seems 
to have been one of the oldest methods in 
use, for the purpose of connecting cast-iron 
pipes, {See Belidores Arch. Hydraulique). 



'I 

I 
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N. B. All the observations which are 
here made on the modes of connecting 
pipeSy relate to the conveying of steam only. 

Method 2. Figure 2. 

154. Represents a spigot and facet joint 
The juncture is secured by iron-cement, 
to fill the space between the spigot AB, 
and the facet CD. 

Observations. 

Spigot and facet joints do very well in 
most cases, but there have been instances 
of facets bursting from the greater expan- 
sion of the spigots. The risk of this 
accident is increased, by increasing the 
space for the cement. 

Method 3. Figure 3. 

155. This figure represents a thimble 
joint, which is secured in a similar manner 
with method 2, 



Observations. 

This is a very convenient mode of join- 
ing steam-tubes. If a thimble burst, it is 
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easily renewed, and any one pipe may be 
moved without disturbing the rest, which 
cannot be done by method 2. Thimbles 
are often used also to repair spigot and 
facet pipes; when the facets break, some- 
times it is convenient to make the thimbles 
in two parts, as represented by No. 4. 
Fig. 3. It occurs to me, that it would be 
an improvement to make the thimbles of 
plate-iron, leaving but a small space for 
the cement. On this plan, the expansion 
would be more equal, and the risk of the 
joint being injured, of course, much 
lessened. 

Method 4. Figure 4. 

156. Represents a mode of connecting 
spigot and facet pipes, where they are to 
have a turn or angle. 

Observatio7is. 

This method is simple and convenient, 
when the place where the turn is required 
is previously known, and the pipes cast 
accordingly. 
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Method 5. Figure 5. 

157. Represents what is called the 
saddle joint, used for taking oflF a branch 
The branch has a piece AB formed on 
its end, which fits round one-half of the 
outside of the pipe from which it is to 
spring. CD is called the saddle vfrhich 
fits roimd the other half of the pipe. 
Two screwed hoops FG FG, embrace the 
saddle, and the part AB, and cement 
being interposed, they serve to secure the 
whole. 

Observations. 

By this method a branch may be formed 
on any part of a pipe, by cutting a hole 
there, and applying the joint to that place. 
This easy method of applying a branch is 
often of great use in practice, and the hoops 
make it very secure, without die disadvan- 
tage of bolt-holes in the cast-iron. 



158. Where there is much risk of the 
inequality of expansion, the joints at certain 
places, should be secured by a soft stuffing 
of hemp or cotton, and tallow; but in most 
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Gases, the joints may be made with iron 
cement *. Lead has been tried for making 
the joints, instead of iron cement, though 
easy of repair, the lead soon gets loose by 
alternate expansion and contraction. 

159.AtButterlyIron-Worfcs,Defbyshire, 
there is a very good plan of a joint, which 
has been in use about 7 years, and during 
the whole of that period, it has continued 
tight and required no repair. It operates 
for the expansion of a pipe conveying steam 
about 40 yards, which makes it yield back- 
ward and forward about i of an inch. 
The two adjoining ends of the pipes A and 
B, are turned true on the outside, and have a 
thimble CD EF, with tin interposed between 
it and the pipe which being less liable to 
expansion than lead, has continued durable, 
and still fits well to the turned parts of the 
pipe, which work in it like a piston in a 
cylinder, (See Fig. 6). 

• This cement is compmed of ■JO lbs. iron boringa, I do. salamoniac, 
\ do. Bulpbur, well mixed cageiher, and bejtea like putty- 
Much sulphur K hurtful, rendering the conipoiition brittle. When, 
therefore, i conaiderable time can be allowed for the cement tofcttle in 
the joints, before the steam is applied, a aataller proportion of suljilmr 
(hJH the above, may with advautag* be aJoplc^, 

7. 
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Method 6. Figure 7. 

160. Represents the method of making 
joints, on vertical pipes, when they are used 
as pillars for supporting floors. Tlie ends 
are turned to fit each other, and iron cement 
is interposed. The weight is then sufficient 
to secure the joint. 

Observation. 

m 

No. 2. is only used when there is not 
room for the projecting part on the outside 
as in No. 1. which is preferable when 
circumstances will permit. 



161. Before putting up any of the steams- 
pipes, they should be proved to be solid, by 
the usual process of forcing water into them. 
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SECTION VI. 

tascriptian of Boiler for geiierat'mg Steamy with 
Apparatusfor supplying it with Water, regulat- 
ing the Damper, S^t. 

162. ABCD Fig. 8. represents the boiler 
which is kept in a state of ebullition, by 
means of a furnace and flues, as represented 
in the figure, but I shall not at present enter 
upon the subject of what is called hanging 
of boilers. 

Apparatus for supplfmg Water. 

163. E the float which is usually made 
of stone, but which has a balance-weight, 
F, so as to make it act as if it were specif- 
ically lighter than water. The float E 
swims on the surface of the water in the 
boiler, and by means of the wire EG is 
connected with the lever GFl, from which 
by another wire IK, there is a communi- 
cation with the valve K. The valve K is 
situated in the bottom of a small cistern, 
which is constantly suppUed with water 
by a pump, or otherwise. 



I 
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When there is a sufficiency of water i 
tlie boiler, the valve K remains shut. But 
suppose the water in the boiler to fall too 
low, we shall see what takes place. The 
float E sinking along with the water, by 
means of the intermediate parts already 
described, opens the valve K, and allows 
tlie water to get through the valve, and 
down the pipe KLMN into the boiler, until 
it again raise the surface of the water, and 
along with it the float E, which, of course, 
again shuts the valve K, and thus prevents 
the further admission of water, until it 
be again required. ;^ 

I 

Apparatus for Regulating the Damper. ^H 
164. Connected with the pipe KLMN is 
another, but smaller pipe, MNOP, which 
reaches, usually, within about 12 inches of 
the bottom of the boiler. 



In the pipe KLMNO there is a hollow 
float-vessel Q, which is suspended by a 
chain QR from the pulley S. The vessel 
Q has liberty to rise and fall freely in the 
pipe, which liberty also allows the water 



A 
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from the feeding-valve K, to escape past 
its sides, and so into the boiler. 

From another pulley T, the damper W 
is suspended fay another chain TW. 

While the fire is not too violent, the float- 
vessel Q remains at the bottom of the 
pipe KLMN, but suppose the fire to become 
too strong, then the steam pressing on the 
surface of the water in the boiler, forces 
part of it up the pipe MNOP, which raises 
the vessel Q, and by means of the inter- 
mediate parts already described, depresses 
the damper W, and so fay narrowing the 
passage for the smoke, checks the draught 
of the furnace, and, of course, damps the 
fire. 



Safely Valves. 
168. In order to prevent accidents, there 
is a valve a which opens by the elasticity of 
' the steam, when it exceeds about 2i lbs. 
upon the square inch, a i is the pipe 
which conveys the steam into the building. 
There are also valves placed on or near the 
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boiler, which open inwards; to prevent 
accidents from a partial vacuum taking 
place in the pipes, or boiler. 

Gtiage-Cocks. 

166. c and d are the guage-cocks. c 
communicates with a short pipe, which 
terminates a little above the proper surface 
of the water. There is another pipe from dy 
which terminates a little below that leveL 
Accordingly, as water or as steam forces 
through either of those cocks, the keeper 
of the boiler is enabled to judge of the 
height of the water within the boiler. 
Besides the guage-cocks, a glass tube is 
sometimes used, which shows to the eye, 
the height of the water in the boiler. The 
tube is fixed on the outside of the building, 
and communicates with the boiler, by means 
of two pipes, the one under the proper 
leyel of the surface of the water and 
the other above it. 

Contrivances to give an Alarm uohen the Water 
in the Boiler falls too Law. 

167. For this purpose, is sometimes used 
a pipe of about 2t inches diameter, reach- 
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ing from a little way below the proper 
level of the surface of the water, to about 
9 feet above the upper part of it. Its upper 
termination is like an organ pipe. Should 
the water, therefore, fall too low, the steam 
rushes through the pipe, and makes a noise 
which alarms the whole neighbourhood, 
and so may prevent the bottom of the 
boiler from being burnt out, an accident, 
by no means unfrequent. Other means 
have also been proposed for the same pur- 
pose, such, for instance, as working a stop- 
cock by a float, which, when the water falls 
too low, would allow the steam to blow 
into a Boatswain's whistle. 



s^ 



-184 HEATING BY STEAM. 

SECTION VIL 

Syphons. 

168. It may be here observed, in general, 
with respect to syphons, 1st, That they 
should have a pressure of water, of at least 
9 feet in them, in order to prevent the 
water from, being thrown out of them, 
which would be the case, with a small 
pressure, more particularly as the water is 
liable to sudden oscillations. 2d, That 
they should be wide enough to discharge 
the water with ease. 3d, That they should 
be in situations protected from the cold, 
there having been instances of their being 
rendered ineffectual from the water freez- 
ing in them. A stop-cock for letting off 
the air is commonly placed between the 
steam-pipes and the syphon. Sometimes 
there is a small hole (the size of a pin) 
made in that part of the stop-cock which 
is nearest the steam-tubes, in order that 
there may always be a small quantity of 
steam escaping to prevent accumulation of 
air, in any part of the pipes. 
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It frequently occurs, that proper depth 
caxmot conveniently be obtamed for a 
syphon. In that case, a valve to open by 
a float-ball, has been applied. The valve 
remains shut, until the water of condensation 
begins to accumulate, which raises a hoi- 
low copper ball attached to the top of the 
valve, and allows the water to escape. A 
syphon is, however, preferable wherever 
depth for it can be obtained, being much 
more simple, and less liable to be put out 
of order. 

ABC, Fig. 9. represents a syphon. The 
water of condensation ^ which accumulates in 
the steam-pipe CD, escapes at A. E is 
the stopcock for allowing the air to escape 
by the pipe EF. EG is a smaller pipe, 
which communicates with a very small 
hole between the stop-cock and the steam- 



I omitted to mention in its proper place, what is called the steam'gauge. 
It is a small iron syphon containing some inches of mercury in its bended 
part (which is downward). The one leg of the syphon communicates 
with the boiler^ or some part of the steam-pi/tes. The other leg commun- 
icates with the atmosphere, and has a small wooden rod in it, which 
being raised or depressed, indicates the different degrees of density of 
the steam. The steam-gauge is represented by /to, Fig. 8, Plate 2. 

A a 
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pipe CD, and allows a very small quantity 
of steam constantly to escape, as was men- 
tioned in this Section. 



A tjrphoD of this description, with a wide bore, may often witk 
advantage be used as a fafety^vahe to a boiler. It might also be used 
for allowing the tvoter •/ coiuktumiiM to escape, in situatioos where there 
u not sufficient depth for a syphon, containing water only. 

Tkmtgk imadvtrteney, thefdUmnng NuU vhu omiUed^ wkick skmiU have 
been fdacei in page 172. A syphon, having its bended part downwards, 
allows the water to escape, while its pressure confines the steam. This 
contrivance, or something on the same principle, ia very commonly 
adopted. 
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SECTION VIII. 

Description of some Cases, of the Direction and 
Arrangenw7}t of Steam-pipes in Actual Use *. 

169. Having made some general observ- 
ations, respecting the direction and arrange- 
ment of steam-pipes, — having considered 
the various methods of connecting them, 
and having described the boiler and its 
apparatus, it may now be proper to notice 
the direction and arrangement of the pipes, 
in several cases, in actual use, and, as we 
proceed, to make some observations on each 
of these arrangements. 



Arrangement I, for Heating a Colto7i-MiU. 

170. A horizontal pipe conveys the steam 
from the boiler into the mill, connected 
with a vertical pipe reaching nearly to the 
ceiling of the uppermost room. 

In each floor there is a horizontal pipe, 
placed about 2 feet below the ceiling, and 

• See also Note B, a[ the end of [hit Etray. 
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each horizontal pipe has a stop-cock*, 
where it branches off from the vertical 
pipe. A syphon for conveying off part of 
the water of condensation, is placed at the 
bottom of the vertical pipe. 



Observations. 

At the Catrini cotton-works, where this 
arrangement is adopted, the pipes have 
their declivity towards the boiler, so that 
the water of condensation, runs in an op- 
posite direction to the passage of the steanu 
A great proportion of it, finds its way 
back to the feeding apparatus, by a small 
pipe; the rest of it, is carried off by the 
syphon. 

At the further end of each horizontal 
pipe, there is a small safety-valve opening 
inwards, to prevent accidents from a vacuum 
taking place within the pipes. That valve 
also serves to allow the air to escape, while 
the pipes are filling with steam. No prac- 

* Thesr stop -cocks at the Catrine works, are commoa inch-and-luLlf 
brass cocks. 



i 
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tical disadvantage is experienced, I am in- 
formed, from all the steam which escapes 
on that occasion. 



171. With horizontal pipes, it is very 
common to have a smaller pipe, with a 
stop-cock from each, going through the 
wall, to allow the air to escape; but from 
what has been experienced at Catrine, this 
precaution does not seem to be absolutely 
necessary, nor yet (as is also common) to 
take off the water of condensation from 
the further ends of the pipes, in which case 
the pipes incline in that direction. 



172. I, however, think although less 
simple, it is a more perfect arrangement to 
take off the water of condensation from 
the fui"ther end of each horizontal pipe, 
more particularly when such pipes are of 
great length. The water of condensation 
going before the steam, serves to warm 
the lower part of the pipe, and make the 
[.expansion of the upper and under parts of 
it more equal, when tlie steam comes for- 
ward. At Catrine, the tin-plate pipes, have 
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been in use several years, and proprietors 
think them sufficiently durable. It is not, 
however, the general opinion of those who 
have tried both tin-plate and cast-iron; 
but it is well worthy consideration, for 
pipes of tin-plate, are much more speedily 
erected, and are cheaper at the ordinary 
prices, in the proportion of about 7 to 17. 
One defect in this arrangement, as com-- 
monly executed, is having the pipes too 
high above the floors; but they might be 
placed near the floor, and yet arranged on 
the same general principle. This arrange- 
ment possesses a very considerable advan- 
tage, for some purposes, over that about 
to be described, viz. that each floor may 
be heated separately. 



Arrangement II. for Healing a Cotton-MiU. 

173. The steam from the boiler, in this 
arrangement, ascends in the vertical pipe, 
to the highest story, where going along 
the floor horizontally, to the further end; 
it descends in a short vertical pipe to the 
story below, where it is again carried along 
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horizontally, and thus is made to descend 
until it arrives at the bottom. There the 
water proceeding from condensation, is 
allowed to run off by a sjphon, and the 
air is allowed to escape by a stop-cock, 
near the same place. 

Observations. 

This arrangement is exceedingly simple, 
and is that adopted by Mr. T. Houldsworth, 
in his cotton-mill (consisting of 8 stories) 
at Manchester. Although the house be 42 
feet wide, and the pipes on one side, the 
heat is found sufficiently uniform, in every 
part of the floors, for practice, and, in that 
situation, it occupies Uttle space. 



It is a disadvantage in this arrangement, 
that no part of the building can be heated 
separately from the rest. But in a cotton- 
mill, this is not attended with much in- 



convenience. 



Messrs. Todd & Stevenson, at Glasgow, 
have their mill heated by a similar arrange- 
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ment^ Wt the pipes are of tin^plate^ ^jd 
were fitted up about the year 1793« 

174. In arranging the steam-pipes for 
Milgavie cotton- works, a similar mode was 
followed. There, the steam-pipes require 
about two hours in the morning, before 
they are completely filled with steam. 



Arrangement III. for Heating a Cotton-MiU. 

175. In this arrangement, the principal 
part of the tubes are vertical, and serv^e to 
support the floor. 

176. A horizontal pipe conducts the 
steam from the boiler to thfe nearest ver- 
tical pipe, and thence it is conducted by 
the horizontal pipe, to the top of the new 
vertical pipe, and so on, alternately ascend- 
ing one pipe, and descending the next. 
Below, it passes from one vertical tube to 
another by the wider pipes. There are 
smaller pipes to carry off the water of con- 
densation, and being placed just below the 
level of the under parts of the larger ones, 



I 
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they are kept always full of water, so as 
to prevent the steam from passing through 
them. At the further end, the water of 
condensation is let off by a syphon, and 
the air by a cock or valve, which, in order 
to allow the air to escape freely, should be 
as large as the diameter of the steam-pipes. 
If the number of pillars be not even, then 
the air-valve should be at the top of the 
last vertical pipe. 

Observations. 
This mode saves the expense of pillars, 
for supporting the floors, but eveiy one of 
experience, knows the disadvantage of hav- 
ing any apparatus or piece of machinery, 
so constructed as that, when any parti- 
cular part of it is out of order, it cannot 
be repaired without deranging the whole 
system. 

There are many mills, however, fitted 
up on this plan, which give satisfaction to 
the proprietors. 



Messrs. Forbes, Low, & Go's, great mill, 
which is heated in this way, at Aberdeen, 
L B b 
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requires about three quarters of an hour 
to let off. the air and fill the tubes with 
steam. Messrs. William King Sc Ccl's 
mill at Johnston, is also on that plan. 
There the steam passes through about 400 
feet of tubes, in 15 or 20 minutes. The 
tubes should be equally wide throughout, 
in order that they may fill with greater 
facility. (See Note B). 

DwelUng^Houses. 

177. There are yet but few instances 
of dwelling-houses heated by steam^ nor, 
perhaps, would it be eligible to heat small 
houses separately by it, on account of the 
trouble it would require to keep a small 
boiler regularly supplied with water and 
fuel. But where steam can be obtained 
from a steam-engine boiler, or where a 
number of neighbouring buildings could 
be supplied from one boiler, much might 
be saved in attendance and fuel, as well as 
cost of apparatus. In cases where single 
buildings are large, such as Inns, Hotels, 
&c. steam might be applied with peculiar 
advantage in heating the stair-cases, pas- 
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sages, bed-rooms, &c. An eating-room 
heated by an open fire only, is often 
unpleasantly cold to those who sit near 
the door, while it is oppressively warm 
to those who sit near the fire. This 
inconvenience might be remedied by the 
use of steam. A very small open fire in 
that case, would be sufficient to give a 
cheerful appearance to the room. The 
particular arrangements of the apparatus 
proper for dwelling-houses, must de- 
pend much on local circumstances. As 
the steam may be admitted into vessels of 
almost any form, the ornamental may be 
combined with the useful. I am at pre- 
sent, engaged in some experiments, with a 
view to simplify such arrangements, but 
am not yet ready to lay the result before 
the public. 



178. Mr. Lee of Manchester has his 
dwelling-house heated by steam, conveyed 
under ground from the boiler of a steam- 
engine. The stair-case, lobby, and passages, 
are heated by means of a steam cylinder, 
placed vertically in the sunk story. The 
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Steam cylinder is surrounded by a i 
of brick-work, leaving a space of about 
two and a half inches all round, and hav- 
ing openings below to admit air. This 
casing is surrounded at some little dis- 
tance, by another cylindrical wall, forming 
what we may call the well. The coldest 
air being the heaviest, falls to the bottom 
of the well, and enters by the holes below 
into contact with the cylinder, where, be- 
coming heated and specifically lighter, it 
ascends. This circulation of the same air, 
in a very short time, makes the stair-case, 
6tc. comfortably warm. There is a valve 
to regulate the admission of the steam into 
the cylinder. There is also another valve 
on the top of the casing of brick-work, to 
regulate the transmission of the heated air. 
It generally soon becomes so warm, that it 
is necessary to shut one or other of these 
valves. 

The dining-room is heated by means of 
two ornamental cast-iron vases filled with 
steam, and the bed-rooms by steam-pipes 
of the same material. 
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It may not be improper to mention, 
that the house is lighted, in a very elegant 
manner, by coal gas. 



I 



179. In answer to some inquiries which 
I made respecting heating of an inn at 
Johnston, by steam, Mr. M'Naught oblig- 
ingly sent me the following letten 

Johnston, 1th Sept. 1809. 
Dear Sir, 

In compliance with your request, 
I now send you a description of the Black 
Bull Inn, as it is heated with steam. — 
There is a boiler fitted up in the ordinary 
way, except the furnace mouth, which 
is made like a hopper, in order to hold 
a considerable quantity of coal-gum * or 
dross, and prevents frequent attention to 
the fire, as there may be put in as much 
at a time as will serve at least half a day, 
and will need only to be stirred a little 
with the pocker now and then. The un- 
der flat is heated with triangular pipes, to 
imitate a cornice, the place of which they 



rooms: frori^^ 
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occupy in one side of all the i 
the metal cornices, a pipe is taken to the 
upper rooms into a sort of chest, which 
stands upon short feet similar to a desk, 
and freely admits air below it. They are 
ornamented in front similar to carron- 
grates, &c. in some of the rooms there are 
two, in others only one, of these chests, ac- 
cording to the size of the rooms. As they 
are yet hardly finished, and have been 
tried only a few days, little can be said as 
to the effect. Considering the doors being 
so frequently opened, &c. a large portion of 
heated surface has been allowed, about 1 
foot to 100. It seems to me, that the 
house will be too warm, but it is impos- 
sible to judge accurately till cold weather 
commences. 

The reason for keeping the under pip 
so high as the cornice, was to get the con- 
densed water back into the boiler, as there 
is no regular supply, what they have is got 
from the roof, and kept in a number of 
casks supported in a row above the boiler. 
And by using the hot water from the 
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pipes, there is only the waste of evapora- 
tion for to keep up. There is a steam 
kitchen connected with the boiler, in a 
pretty advanced state. 

Among other advantages, a dinner or 
plates, &c. may be kept warm by setting 
them on the top of the chests, and placing a 
cover over them. It will also save a servant, 
during winter at least, and as there is 
more power in the boiler than necessary, 
some of the neighbours have been treating 
to be heated from it. — ^This you will see 
will become common in a short time. I am. 

Dear Sir, 

Yours, &c. 

PubUc Buildings. 

180. In the year 1801, Count Rumford, 
arranged the apparatus, for heating the 
Great Lecture-room of the Royal Institu- 
tion by steam, in the following manner: 

The steam is generated in a boiler on 
the ground floor, and is conveyed by a 
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copper pipe into the Lecture-room. There, 
it divides into two branches, and passes 
horizontally under the seats. 

In order to counteract die expansion 
of the pipes, there is a drum of thin cop- 
per, placed in the middle of each tube. 
The water of condensation is carried off 
from die lower part of each drum by 
small tubes, and conveyed back to the 
boiler. 

The general arrangement here seems 
good. The lower part of the room being 
heated, the other parts must of course, be 
sufficiently warm. The plan of the expan- 
sion drums, although ingenious, is objec- 
tionable on account of expense, as well as 
on account of their occupying a very large 
space. 



We are yet much in want of exam] 
of heating public buildings by steam, but 
it is highly probable that it will soon be- 
come more general. The mode in which 
Mr. Lee heats his stair-case, might perhaps 
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be applicable with advantage in many 
cases of public buildings. Much of what 
is said respecting dwelling-houses may be 
applied here. 

Baths. 
179. The late Mr. Boulton of Soho, was, 
I believe, the first who used steam for 
heating tl\e water for a warm bath, which 
I am told, gave rise to the method of 
heating the vats, &c. of the dye-house of 
Messrs. Wormauld & Gott of Leeds. 

At Helensburgh, the water for the warm 
baths is, as usual, heated in a boiler, and 
admitted as it is wanted. Steam from the 
same boiler, serves also to heat the bath- 
rooms, to each of which it is communicat- 
ed by a small pipe, to a vertical tube of 
tin-plate about 7 inches diameter, and 4 
feet long. 

1 shall not at present enter into the 
details of heating water by steam, as that 
subject may furnish matter for a separate 
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General Explanation of Plate 2. 

/Vg. ly represents the method of conaectingr pipes hj 
means oijlanchesf (Art. 153 J. 

Fig* 2) spigot and faiuet joint f (Art. 154). 

Ftg. 3» thimble joints (Art. 155). 

/f^. 4*9 a method of connecting spigot and faucet pipes, 
where they are to have a round turn or an angle, (Art. 
156). 

Fig. 5, saddle joints (Art. 157). 

Fig. 69 slipping joint to allow the pipes to expand, (Art. 
159). 

Fig. 7f methods of making joints on vertical pipes sup- 
porting floors, (Art. 160). 

Fig. 89 steam boiler with apparatus for feeding, 5cc. 
(Art. 162). 

Fig. 9f represents the mode of allowing the air to escape 
by a pipe at the termination of the steam pipes, and of tak- 
ing off the wiUer of condensation by means of a syphon, 
(Art. 168). 



END OF PART SECOND. 
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DRYING, 
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HEATING, 



BY STEAM. 



INTRODtJCTION. 

Hitherto, we have considered those 
cases only where the temperature does not 
exceed 70° or 80° of Fahrenheit's ther- 
mometer, and where heat only is required; 
but there is another application of steam, 
of which we come now to treat, I allude to 
its use, as a substitute for drying-stoves. 
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Steam was many years ago tried at 
Leeds for that purpose; but, for reasons 
with which I am unacquainted, the plan 
was abandoned. 

A method of drying certain kinds of 
muslins,bywrapping them round cylinders 
of tin-plate, has, for several years, been 
successfully practised by bleachers, in the 
vicinity of Glasgow. The first idea of 
them, I believe was suggested by Mr. 
John Burns of Paisley, in conversation with 
Mr. Laird, and Mr. Tennant, now of Glas- 
gow. It was first put in practice by the 
last mentioned gentleman^ at the Darnly 
bleaching works, about the year 1793, 
about twelve months before it was adopted 
at any other work. A description of this 
method of drying muslins, may be seen 
in " Dr. Ree's Cyclopedia" article, "Bleach- 
ing." Steam-rollers have also been suc- 
cessfully used by calico-primers, for drying 
their goods; but somewhat different in 
their modification, from those above al- 
hided to. 
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181. Mr. Lounds of Paisley, I believe, 
was the first who succeeded in using steam 
as a substitute for a drying-stove to dry 
goods, stretched on frames. This he has 
done these several years, for the finer kinds 
of musHns. 

The temperature required for such goods, 
however, is much lower than that required 
for drying the thicker kinds of cotton-cloth, 
such as chequered handkerchiefs, called 
pullicates. Messrs. Muir, Brown, & Co. 
at Glasgow, were the first who succeeded 
in the application of steam, for this pur- 
pose, and also for drying dyed and bleached 
yarns, where the temperature required is 
still higher. They made the first trial of 
their drying-rooms on March 26th, 1808. 

Mr. Muir informs me, that though they 
formerly gave out their pullicates to be 
bleached, by some of tlie best bleachers in 
this part of the country, that they never 
had the colours of their goods in the same 
perfection which they now have, and which 
improvement they attribute entirely to the 
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superitH" effect of the steam, and that the 
more experience he has, he is the more 
convinced of this advantage from t h« 
steam-heat. 



I apprehend the superior efltct, widi 
regard to colour, of this mode of drying, 
arises from die difficulty of raising steam- 
heat to such a degree as to be injurious; 
as well that no gas which can be hurtful 
to the colours, is emitted from the steam- 
pipe. In drying-stoves, on the contrary, 
the heat is often raised too suddenly to a 
very high temperature, which gives a harsh 
feel to the goods; and in such stoves, the 
air is often much injured by gas emitted 
from the coackle and the flues, which must 
certainly have a great influence on the 
colour of the goods.* 



* A geDtleman eitemively engaged in calico-printing, favoun 
with tbe following note; 

" In confirmation of the abovis I suppose the superiority of the 
colours in the drying of the pullicatcB, and alio in the operations of 
calico-printmg, called paddmg, arises from the facility with which 
•team-heat may be gently and equably applied. By its being 90 easily 
regulated to the degrees of the thermometer, ii possesses evidently 
more convenient applicability to mannfacture, where the 
cnmniodities depends on the degree of heat, cbtU the other 
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the quality of ^^^^| 
ither model." ^^^^| 
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Mr. Muir gives me the following fur- 
ther information, which must be agreeable 
to every friend to humanity, that the peo- 1 
pie who now work in his drying-rooma, 
were formerly employed in working in a 
stove heated in the common way, at which 
time, they had a very emaciated unhealthy 
appearance ; but since they have been 
employed in the rooms heated by steam, 
they have become healthy, and their aspect 
has changed most materially for the better. 

182. About this period, Mr. Richard 
Gillespie, of Anderston, notwithstanding 
the prejudices of other calico-printers, who j 
predicted that the heat proceeding from 
steam-pipes, was not of a kind that would 



since thii iheet went to pren, Mr. Muir made the follawiog eiperi- 
awnt, which leemi to prove thai it ii Aegai, onljr, in common itovei, 
which injures the colour. He took a hank of scarlet yam and divided 
it int* three parlB. Two of these pads were then welted. One of the 
wet parte was put into a cotmnon drying-Hove it 133° of Fiihrenheit. 
The other he laid on a Eiteam-pipe, which raised the thermometer to 
163°, When dry, the three parts were compared. The colour of 
thai which wai in the stove was miuh Injured, while that whicfa wu 
on the steam-pipe retained the ume shade and lustre with the pan 
which had Dot been wetted. i,ilac, purple, pink, and other more deli- 
ote coloora, would have been much more injuted tliin scarlet. 
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ever answer m the practice of calico-print- 
ing. They required, they said, a dr^ heat, 
which they conceived could never proceed 
from steam, a fluid moist in its own nature, 
forgetting that heat is not altered by being 
combined with other kinds of matter, and, 
that in passing through the pipes, if pro- 
perly executed, the heat must leave the 
moisture behind. Mr. Gillespie, notwith- 
standing those prejudices, made the attempt 
first, in his copper-plate house, and suc- 
ceeded to his most sanguine wish. His 
success in this instance, prompted him to 
apply steam to his block-printing shops, 
also in which, he has been equally suc- 
cessful. 

Previously to these applications, besides 
heating his warehouse, he had applied it 
to the heating of his calenders. For which 
purpose, the steam is conveyed about 93 
yards under ground *. 

* I believe the late Mr. John Miller of Glasgovr, wat the fint wh« 
applied ateaiQ to the heating of a calender, which he did in the month 
of July IB05. 

This mode of heaticg cslendets by steam, is found a very great 
improvement, not only aa It savcB time, tut improves (he appearance 
ef the goods. When healed with red-hot iron heaters, the good* hat 
TOmpnrativelT a harih i nip overi shed, dry, brittle feii. 
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Messrs. Leys, Mason & Co. of Aberdeen, 
also about this time applied steam (on 
principles similar to Messrs. Mnir, Brown, 
& Co.) to the purpose of drying cloth at 
their bleaching works. 



Dd 
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SECTION I. 

CASE I. — Drymg^Hause. 

183. CoksiSTS of a room 8 feet high, 
of an irregular figure, containing about 
9472 cubic feet of space, and is heated by 
means of horizontal steam-tubes of tin- 
plate, about 2 feet from the floor. These 
tubes are arranged in two separate groups, 
so as to be immediately under two frames, 
on which the goods are stretched. 

Cubic feet of spacei -- 9472. 

Surface of turo, 581.1 feet. 

Space heated by one foot surface of tin-tubci 16.2 cub. feet. 

But as cast-iron emits 2^ times more heat 
than tin-plate, (Art. 140.) the less tube 
would have served, in which case, the 
space heated by one foot surface, would 
be represented by 24 times 16. That is^ 
40 cubic feet of space heated by 1 super- 
ficial foot of cast-iron, temperature 90°. 
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Observations, 
In summer, this room is sometimes at 
100°; in winter, generally 90". 

On the 18th of November, 1808, it was 
only 80°, the external air at the time being 
42°, being a difference of 38 between the 
external and internal air. 



» 



The goods dried here, are thin muslins, 
stretched on frames, the air being agitated 
by a pendulous fan. 

It is employed first, strictly as a heating 
stove, and the windows kept all close shut, 
imtil the vapour from the goods begins to 
condense on the windows. As soon as 
the steam begins to obscure the glass, the 
attendants open them to let off the vapour, 
and when that is done, they shut them 
again; thus alternately heating and venti- 
lating. 



This mode appears to me exceedingly 
judicious; formerly, there was no persua- 
sion could make operatives see the pro- 
priety of ventilation \n a drying-stove. 
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They now find that ventilation is net 
sary to a certain degree, which degree Mr. 
Dahon (in his Letter of 14th June, 1808,) 
says, " has not yet, I conceive, been de- 
termined." Query^ Whether may not the 
appearances on the glass, now mentioned, 
serve as some indication of the degree? A 
hygrometer might, probably, be of vay 
great use in situations of this kind. (Art 
82.) 

One of the most scientific and experi- 
enced bleachers yNQ have, informed me, 
(April, 1806,) that stoves were much im- 
proved,by admitting a more free circulation 
of air, and, in that case, 80°, or even 70% 
was sufiicient for purposes which required 
100°, in a close house. 

It is evident, that the heat operates on 
the cloth, by evaporating the water, but 
after it has thus suspended the moisture, , 
if it be not allowed to escape somewhere, 
it must remain in the room, and retard 
the process. In other words, it is keeping 
the goods in a damp, although warm, 
atmosphere. 
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CASE U.— Drying-House. 

184. This drying-house is heated by 
horizontal cast-iron steam-tubes, in such 
proportion, that one foot surface, heats 
about 80 cubic feet of space. 

The steam is kept in the tubes in the 
night, as well as in the day. 

The temperature in November 1807, 
was 100°. 

CASE in. — Drijing'Rooms. 

185. In this case, there are two rooms 
for drying by steam, the one for cloth, 
and the other for yarn. 

These rooms are both on the same floor, 
one story above ground. The steam is 
generated in a boiler, which supplies a 
steam-engine and other purposes. That 
for the yarn, requires to be considerably 
hotter than that for the goods. 



The whole of these steam-tubes are of 
cast-iron, eight inches external diameter, 



k 



214 HEATING BY STEAM. 

and are joined by thimbks where they are 
straight, by saddle joints at the branches, 
and by spigot and faucet joints at the angles. 
(See Art. 154—157.) 

The most of the joints are made with 
iron cement (Art. 158). Lead w^s tried for 
some of them, but was found not to make 
a lasting joint. 



The tubes are placed near the floor, in- 
clining downwards as they recede from 
the boiler. In order to allow them to move 
freely in expanding and contracting, they 
are supported by hollow cast-iron rollers, 
which rest on blocks of wood, rounded in 
a contrary direction on their under side, 
which rests on the floor. Thus formin] 
a kind of universal joint. 



Where the steam-tubes come in contact 
with the walls of the building, pieces of 
tin-plate are interposed, in order to sav 
the heat. (See Art. 90 and 144.) 



1 
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The rooms are both eight feet high. 
The yarn-room contains 4,224: cubic feet 
of space. 

Cubic feet of space heated by 1 super- 
ficial foot of steam-pipe, ISsf. 

Cloth room contains 5,952 cubic feet. 

Cubic feet of space heated by 1 super- 
ficial foot of steam-pipe, 23i4. 

There is a valve, where the steam-con- 
ductor branches off from the boiler, laden 
just to that degree, that when the steam 
becomes weak, it shuts, and allows the 
whole of it to go to supply the steam- 
engine. 

Observations. 
These rooms were first tried on the 
26th March, 1808; the walls were then 
damp, from having been recently plaistered. 
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The external air was - 42°. 

The cloth-room 91°. 

The yarn-room -------- 99°. 
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The steam boiler is only kept boiling 
during the day, and is rather small to 
supply the various purposes to which it is 
applied, so that the rooms are not kept nearly 
so hot as otherwise they might be. There 
are also several of the panes of glass 
broken, and often a great deal of wet 
goods in the rooms ; bur, notwithstanding 
those disadvantages, the temperature is 
generally from 86° to 96°. The yarn 
room is commonly about 10" higher than 
than that for cloth. The former, in sum- 
mer, was often as hot as 120°. 

Notwithstanding the lowness of the 
temperature, these two rooms dry as much 
goods, and with as few hands, as any stoves 
of the same dimensions, even where the 
temperature is much higher. And it is 
pleasing to reflect, that the people working 
in the steam rooms, are much more 
healthy and comfortable, than those in 
the contaminated air proceeding from 
stoves, as commonly constructed for such 
purposes. 
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The proprietors assure me, that they are 
more and more convinced of the superior 
effects of steam, with respect to the colour 
and finish of the goods, as well as with 
the much greater economy of the process; 
and, that they are so much convinced of 
the superior colour and finish, that al- 
though it were at double tJie expense of stove 
heat^ they would still use it in preference. 

On the 14th of January, 1809, the tem- 
perature of the external air being 29% 

The cloth room was - - - - 86°. 
The yarn room was — - - 101°. 

Although the windows were partly open, 
and a great deal of wet goods in the rooms. 

The attendants find here, that the ad- 
vantage of a circulation of air, depends 
very much upon the state of the weather. 
When it is damp, they find it is best to 
keep the windows shut, and to raise the 
steam heat; but, on the contrary, when 
the weather is dry, a free circulation of 
Ee 
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air is of much greater consequence tha 
high temperature. 

CASE IV.— Cfl/ico Print'tvg. 
186. The steam is generated In a boUi 
of about twenty horses' power, which sup- 
plies a steam-engine of ten horses' power. 
The steam is conveyed about ninety-three 
yards under ground, to heat two calenders, 
and warm counting-houses and warehouses. 
It also heats the copper-plate house, block- 
printing shops, and heats water for the 
processes of branning, dyeing, &c. 

1 . Copper-Plale House. 
The copper-plate presses are driven by 
the steam-engine, and stand in a room one 
story above the ground. 



About six inches from the celling, is a 
horizontal steam-tube, six inches extt 
nal diameter. 



The garret above the presses, is occupi 
for drying the cloth, as it passes from 
presses; which arrangement allows the 
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printers to work in a moderate tempera- 
ture, while the goods are drying in a tem- 
perature much higher. The garret is heated 
partly from the heat which rises from the 
press-room, and partly from a horizontal 
tube, seven inches external diameter. 

But, as there is a communication be- 
tween the rooms, they ought to be taken 
together. Therefore, press-room and garret 
taken together, the space heated by 1 foot 
surface of steam-tube is 181 cubic feet. 

On the 12th February, 1808, tlie tem- 
perature of the external air, early in the 
morning, was 27°, about eleven o'clock, it 
was 30°. 



The press-room- — - - — 64". 
The garret 73°. 

Notwithstanding the coldness of the ex- 
ternal air, the cloth from the presses was 
made, to use the overseer's expression, ioAc 
and the operations going on to the 
complete satisfaction of the proprietors. 
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1 2th of March, 1808, the thermometer 
in the garret, stood at 105'. 

2. Block-Printing S/iops. 
The block-printing shops are each heated 
by a horizontal steam-tube, 11* inches 
diameter, of cast-iron, aboHt 2i feet from 
each floor; and the temperature, when 
there is a sufficiency of steam, is usually 
about 80°. 

Here 90 cubic feet is the space heated 
by one foot surface of steam-tube. 



Obsen'alions. 
This mode of heating for this kind < 
printing, gives equal satisfaction with that 
for the copper-plate department. 



M 
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It is proper to have a boiler of sufficii 
capacity, in order that the steam may. be 
used for all the various purposes to which 
it is applicable, in the different processes 
in calico-printing. In this particular case, 
the proprietor informs me, that since he has 
■used steam as a substitute for stoves, &c. 
the saving produced has been very greal 
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SECTION II. 

Of the difference of Temperature het-wcen the ex- 
ternal Air and l/te internal Air of' a Building 
heated Inj Sleatn. 

187. Hoping that it might be satisfac- 
tory to many, to know whether the differ- 
ence of temperature between the external 
and the internal air of a building heated by 
steam, was nearly comtant, and conceiving, 
that it might lead to some useful inference, 
I was induced to have the subject experi- 
mentally examined. This examination 
Mr. H. Houldsworth had the goodness to 
permit me to make at one of his mills in 
Anderscon; the result of which is given 
in the following table. 

From the table, it will appear that the 
di^rence is far from being constant, and 
that it is greatest when the air is coldest. 




I 
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Table qftiie state of the Hiermometer in the open 
Air J and in a Colton-MUl, the property of H. 
Houldsworthj Esq. each day flM2 o'clock. 
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SFXTION III. 

Qf the proportion between the Swjace of Steam- 
Pipe, and the Heat produced. 

188. It is of considerable practical im- 
portance, to be able to calculate the quan- 
tity of steam-pipe which will be necessar)' 
to produce a given temperature. It must 
be confessed, however, that such an estimate 
admits not of absolute precision. 



The temperature will, obviously, not 
increase in a ratio nearly so high as the 
increase of surface of pipe. For, suppose 
a room already at 70°, and that, by means 
of a cock or valve, we suddenly introduce 
steam into another tube, which is equal to 
that already producing the 70°, the differ- 

tence of temperature between the external 
and internal surfaces of the second pipe, is 
much less than it was in the first. Of 
course, the condensation must go on much 
b more slowly, and were the air at ] 12°, and 
I the steam of the same density as the 
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atmosphere, no condensation at all could 
take place. The facts which are collected 
in the annexed table, will, however, enable 
the practical reader to approximate toward 
the truth; and he will there see, perhaps, 
nearly the maximum temperature which 
is to be expected in any case in practice, 
where the rooms have but little ventilation. 
Where the ventilation is great, it follows, 
that the e£Fect of the surface of steam-tubes 
must be lessened. In this table, I would 
beg leave to direct the reader's attention 
to the diflFerence between the temperature 
of the external and internal air, as being 
likely to furnish a guide in calculating the 
quantity of pipe requisite in any given 
case. 

In order to form some idea of the greatest 
heat which could probably be expected 
from steam-tubes, when the surface should 
be very great, I made the following experi- 
ments, which were repeated, with nearly 
the same results. These results are, for 
the sake of bringing the whole of this part 
of the subject into one view, given in the 
table. 
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Experiment 1st. 
189. A cylindrical tin-plate canister, 
two inches diameter, and five inches long, 
with a small projecting rim at one end, to 
receive a cork, A Fahrenheit's thermom- 
eter was Inserted through the cork, so that 
its bulb was nearly in the centre of the 
canister. It may be proper to remark, 
that the tin-plate was become dim, from 
having been long exposed to the air. 

This canister was plunged its whole 
depth into boiling water. The thermom- 
eter, which previously stood at 60°, rose 
to 160°. The barometer stood at 29.5. 



Ohsematiofis. 
In this and the following experiments, 
upon emersing the canisters into the 
boiling water, part of the air which was 
expanded by the heat, escaped between the 
cork and the thermometer. But this is 
what must occur in practice on the great 
scale, as the rarified air must escape from 
_ an apartment, when it becomes heated. 
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The contents of the canister was O.C 
cubic feet. 

The surface exposed to the hot water, 
0.2563 superficial feet. 

Space heated proportionate to one super- 
ficial foot of surface exposed to the hot 
water, 0.035466. 



Erperment 2d. 

190. The same canister, coated in th? 
inside with lamp black and size, all other 
circumstances being as in the first experi- 
ment, was immersed its whole depth , 
boiling water. The thermometer rose ' 
190'. 

Ohservations. 

Here we see the increase of effect 30 

degrees, occasioned by coating the surface 

of the tin-plate with lamp black. (See 

Art. 83.) 

E^perimenl 3d. 

191. The canister, all other circ 
stances as in experiment 2d, was half im 
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mersed in boiling water. The thermom- 
eter rose to 176°. 



\ 




Obscrvalioiis. 
The space heated proportionate to one 
superficial foot of surface exposed to the 
hot water, which, in this case, was double 
that of experiment 2d, or 0.070932, which 
alteration lowered the thermometer 24°. 

Experiment 4tk. 

192. A small canister of tin-plate, of 
an elliptical form, about 2.75 inches deep, 
having its greatest diameter 1.9 inches, 
and its least 0.8. The tin-plate, as in the 
cylindrical canister, was tarnished. A 
thermometer was also inserted through a 
cork. The canister being immersed into 
boiling water, the thermometer rose to 
190°. 

Experiment 5th. 

1 93. The 4th experiment repeated, with 
this difference only, viz. that the inside of 
the canister was coated with lamp black. 
The thermometer rose no higher than 
190°. 
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Observations an Experiments Aik and 5/%. 

In the 4th and 5th experiments, the con- 
tents of the canister was 0.001899 cubic 
feet. 

Surface exposed to the hot water, 0. 107291 
superficial feet. 

Space heated proportionate to one saper- 
ficial foot of surface exposed to the hot 
water, .017699. 

In so small a space, compared with the 
surface, coating appears to have no influ- 
ence on the projecting power, for the re- 
sult, 190*, in both these experiments, is 
the same. 

We may infer from Experiments 3d, 
4th, and 5th, that the maximum heat to be 
produced by steam^ where the air is not confined^ 
is 190 degrees. 
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194. Table skomng ike Heal produced Jront dif- ^^ 
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Observations on the Table. 


^ 


1 The 2d and ^d experiments only, are ^H 


1 inserted because the 2d shows the maximum ^| 


1 heaty (Art. 19^,) and the 3d, the altera- ^| 


tion of temperature occasioned by heating ^H 


double the space by the same surface. ^H 


All the cases in the table have the surface, ^H 


either coated, or, what is equivalent, of ^| 


cast-iron, (Art. 142). ^H 
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SECTION IV. 

MUcettaneaus Observations. 

195. Attempts have been made^ to 
bring a current of air over steam-pipes, 
or through pipes included in others, filled 
with steam, in order, by quickening the 
condensation, to make a less surface of 
steam-pipe heat an equal space. Mr. 
Roberton tried this plan, by enclosing the 
pipes in trunks, and producing a current, 
by the rarefaction of the air *. I have at- 
tempted the same thing, by increasing the 
current of air by machinery, but I cannot 



* These trials were made with pipes of tin-plate, included in 
wooden trunks, at one end of the rooms. The air entered the trunk 
at the floor, and escaped at the ceiling. Mr. Roherton found that the 
heat was, to a certain degree, increased by this circulation, and that the 
temperature, at the further end of a room of great extent, was nearly 
equal to what it was near the trunk. From the pipes being made of 
tin-plate, however, they required frequent repair, which rendered the 
wooden trunks about them inconvenient, and for ^at reason they were 
removed. Had it not been from this circumstance, he is of opinion, that 
considerable advantage would have been derived from the trunks, and 
would reconmiend them for cast-iron pipes, which would not require 
the frequent repair necessary, where the pipes were made of tin-plate. 
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say, that much practical advantage has 
resulted from these trials, (see Note C.) 
We saw, however, (Art. 178.) that Mr. 
Lee had successfully employed the prin- 
ciple of rarefaction, in heating part of his 
dwelling-house, and it is probable, that 
this principle will be more generally ap- 
plied. 

It has been proposed by some, to heat 
the external air, and throw ic into the 
apartments, in a manner similar to some 
kinds of stoves, supposing, that thus by 
combining ventilation with healings it would 
be more salubrious. But this would be 
obtaining heat at a great expense of fuel, 
and be losing one very important advan- 
tage which attends heating by steam, 
viz. that the heating may be kept perfectly 
separate from the ventilating process, so 
that each may be managed separately, and 
no more heat nor ventilation given than 
what is just proper. Whereas, on the 
other plan, there must always be nearly 
the same ventilation, whether the external 
air be dry or damp, warm or cold. When 




HEATING BY STEAM. 

damp, a great quantity of moisture mui 
be thrown into the building, which will 
require additional heat to suspend it, in 
order to prevent it from being injurious, 
and when the air is dry, the current of 
air will carry in dust along with it. I 
would, therefore, recommend producing 
the current from the rarefaction of the air 
within the biiiUrng^ and ventilating by the 
window, or other proper openings for the 
purpose. 

Mr. Houldsworth found, that the maxi- 
mum heat to be produced by the rarefac- 
tion, was about 140 degrees. 

196. Some have apprehended, that heating 
by steam might be inconvenient, on ac- 
count of the very great heat which would be 
felt for some feet round the pipes; but 
this is not the fact, for even when they are 
not included in any kind of air-trunk, as 
soon as a particle of air becomes heated, 
being specifically lighter, it has a tendency 
to ascend to the ceiling of the apartmenc 
The warm air first accumulates there, and 
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gradually descending, as is often visible 
in a room, when warm air enters, mingled 
with smoke. The cloud first appears 
along the ceiling, and then gradually 
descends, keeping nearly a uniform sur- 
face below. 

That no inconvenience arises in practice, 
■we have a full proof, in the case of an ex- 
tensive cotton^nill in Manchester, {see 
Art. 173.) which is 42 feet wide. The 
fiteam-pipes go along the floor on one side 
QTily^ and although the yarn spun in this 
jnill be remarkably fine, no difierence of 
temperature is experienced, which, in the 
smallest degree, affects that delicate pro- 
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197. When speaking of spigot and faucet 
joints^ (Art. 154.) I omitted to mention, 
that it seems a good method to cast the 
faucets thin, and to hoop them with 
slight wrought-lron, put on at a low red 
heat. The thinness makes the faucets 
expand along with the spigot, while the 
hoop gives strength, to allow the cement 
to be firmly driven into the joint. 
G g 
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198. In Art. 166, it is mentioned, ' 
a glass tube is sometimes used, to show the 
height of the water in the boiler. This 
simple contrivance, is, by some, applied for 
the further very important purposes of 
measuring the heat produced by the fuel 
employed in a given time, and showing 
the quantity of steam used. Great ad- 
vantage may arise from ascertayiing these 
points. Thus, one kind of fuel may be 
compared with another. Using the same 
fiiel, it will show the comparative effects 
of different states of the furnace, and dif- 
ferent modes of treatment. It also shows 
accurately, the quantity of steam which a 
steam-engine is using, according to the 
order in which it is kept. It may, there- 
fore, be proper to give a more detailed 
explanation of the mode of using this 
ingenious contiivancc. 



The most simple and accurate mode of 
comparing one kind of fuel with another, 
is, to measure the quantity of water which, 
under the same circumstances, equal 
weights of each will evaporate, (see Ar- 
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deles 45, 52—70, and II L) Now, by 
having a scale attached to the glass tube, 
and knowing the dimensions of the boiler, 
opposite each of the divisions on the scale, 
it becomes easy to form a table, which 
will readily show the number of cubic 
feet or inches, to which each division of 
the scale is equal. 

At the most convenient time of each 
day, {which in many manvifactories will 
be the dinner hour,) put as much extra 
water into the boiler, as will allow it to 
boil for two hours, without getting any 
supply of water whatever. This being 
done, let every thing, excepting the feed- 
ing apparatus of the boiler, be set to work 
as usual for two hours. The scale will in- 
dicate the cubic feet of water, which, dur- 
ing that period, has been evaporated; a 
register of which may be kept, from which 
many useful practical inferences may be 
drawn. 

The tube should be a common bar- 
rometer tube, of a pretty large bore, and 
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the thinner it is, it will be the less Via 
to break from unequal expansion. 

199. Care should be taken, to have ail 
the pipes about the boiler sufficiently large, 
to insure the prompt action of the feeding- 
apparatus, and to prevent them from the 
risk of choaking, by any extraneous s 
which may be in the boiler. 

200. The pipes also, which are to 
communicate steam to a distance, should 
be made sufficiently large, the sooner 
to fill the more distant parts of the ap- 
paratus. When the pipes are small, the 
surface being great in proportion to the 
contained steam, the condensation goes on 
very rapidly, and retards the progress of 
the steam. -JH 

201. In situations where heat is not 
wanted from the conducting pipes, it wiil 
be proper to defend them from the atmos- 
phere. This may be efficaciously done, 
by enclosing them within tubes of tia 
plate, leaving a space all round, 
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an inch between the steam-pipe and the 
tin-tube, (see Articles 90 — 96, and 144). 

But should tliis mode be thought too 
expensive, a cheaper method may be 
adopted, that of wrapping the steam-pipes 
round with a considerable thickness of 
straw ropes, putting a coating over them 
of fine plaister-lime, and, after it is dry, 
washing them over with lime-water, in 
order to fill up any little cracks which 
may appear. 

202. Where there is found from experi- 
ence, to be too much heat in one place of a 
building,and too little in another, tin-tubes, 
as above described, may be used, al- 
lowing a current of air to pass between 
them and the steam-pipes, which heated 
air may be conveyed to any higher situa- 
tion, by means of a pipe of tin-plate. 

These covers may be marie capable of 
increase or diminution, by v:ii'oub contriv- 
ances, such, for instance, as forming them 
on the principles of a sliding spy-glass, as 
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is done in the counting-room of the pi 
ing-house of Messrs. James Ballantyne 
&^Co. Edinburgh. 



Brick-work, in some cases, may be ui 
for enclosing steam-pipes, instead of 
tin-plate. 



203. A great saving of fuel may be 
tained, by using double sashes in the 
•windows, a practice common on some 
parts of the Continent. 



I 



204. We saw, (Art. 174 and 176.) that i 
requires a considerable time, where there is 
a great length of steam-pipes, to expel the air 
from them, and to fill them with steam. To 
obviate this inconvenience, Mr. H. Houlds- 
worth proposed a plan, of applying a 
pump to the pipes, worked by a steam- 
engine. First, to expel the air, which 
would allow the steam speedily to fill the 
pipes. Afterwards, it would serve 
purpose of forcing back the -water of cot 
densatlon to the boiler, which would pi 
duce some saving of fuel; for it, at prese: 
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escapes nearly at the boiling-point, while 
the boiler is supplied with wjtfer from the 
air-pump of the steam-engine, about 100 
degrees colder. Mr. Houldsworth*s plan 
would be attended with a further saving 
of fuel, for, by the common mode, a imi- 
form heat cannot be maintained, unless 
there be a constant discharge of a small 
quantity of steam from the extremity of 
the pipes, {Art. 168.) but the forcing-pump, 
by occasioning a constant circulation of 
steam in the pipes, would ensure a uni- 
form heat, without any loss of steam. 
This plan has not yet, however, been 
brought to the test of experience. 

205. The water of condensation ^ being dis^ 
tilled -water^ it may often be of use to col- 
lect it for washing or other purposes, for 
which soft pure water is desireable. 

206. There is considerable diffiailty in 
obtaining accurate data, to compare the 
expense of fuel, in heating by steam with 
other modes. From the best information, 
however, that I could obtain, I made cal- 
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culations on the supposition, that 
steam was supplied from a large boiler, 
and the rest employed for driving a steam- 
engine, or for some other useful puipose. 
On this principle then, it appeared, in 
general, that open tires require consider- 
ably more fuel to heat the same space, than 
steam. Stoves, as commonly constructed 
and used in our cotton-mills, seem also t» 
require more fuel than steam. With regard 
to the improved stoves, which are now 
only beginning to be used in some manu- 
factories, I do not know, that any accurate 
comparison has yet been made. 

207. In most manufactories, there is a 
great many separate fires, which occasion, 
in proportion to their number, not only a 
loss of heat from the fuel consumed, but 
also of waste from inattention and care- 
lessness; where steam, therefore, can be 
used as a substitute for these, a great 
saving of fuel will accrue. 



208. Although in situations in whid 
there is a steam-engine, or a regular sup- 
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ply of Steam kept up for other purposes, it 
may be proper to use steam for warming 
buildings; yet, where that is not the case, 
"Unless a person can be appropriated to the 
sole purpose of attending on the boiler, I 
■would hesitate to recommend it; for the 
trouble and expense of attending on a 
small boiler, on the common construction, 
and risk from carelessness of not keeping 
up a regular heat, or of having it burst or 
burnt out, would more than counterbal- 
ance the advantage otherwise to be derived 
from it. But I am. much pleased to find 
that ingenious mechanics are turning their 
attention to the fitting up of boilers, so as 
to require less attendance *. 

209. Steam, however, has many material 
advantages over every kind of stoves; most 
kinds of stoves are more or less liable to 
injure the air, which comes in contact with 
them, and to consume the dust. A dis- 
agreeable oppressive smell is often pro- 
duced, occasioned, probably, not only from 
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the combustion of the dust, but also from 
the decomposition of the water suspended 
in the atmosphere. The disadvantages of 
throwing in a current of air, by heating 
the external air^ and combining ventilation 
with heating, have already been men- 
tioned, {Art. 195,) and to these objections. 
I some of our most improved stoves 
liable. 



) ns. 

i 



All kinds of stoves are more or less 
dangerous, and when constructed on the 
principle of ventilation, they may become 
particularly so, when the coakle or pan 
cracks, or is burnt out. In that case, the 
flames may find their way into the air- 
flues, and so into the building. The 
coakles, in many situations, soon fail in 
some part; in which case, putting the 
danger out of the question, they must 
greatly contaminate the air. It has been 
supposed, that more cotton-mills have been 
destroyed by fire, occasioned by stoves, 
than from all other causes put together. 

But steam being free from dust, and 
the atmosphere uninjured by its heat, 
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while it is much more cleanly and safe, it 
must be more healthful than any kind 
of stove. 

Steam has another advantage over the 
late improved stoves, that it can easily be 
extended through buildings which are 
widely spread, and nearly on the same 
level J such, for instance, as are very com- 
mon in calico printing works: whereas 
from the tendency which heated air has to 
ascend, it is exceedingly difficult to heat 
places which are not considerably above 
the level of the stove. 



210. After considering the facts detailed 
in this Essay, many other purposes than 
those already mentioned, will suggest 
themselves to readers, to which heating by 
steam may be usefully applied. It would 
require a greater scope of knowledge, than 
an individual could lay claim to, to point 
them out *, To some purposes, however. 



ii narchy the coDuderation of tboae acquainted with nautical 
affairs, how far it maj be applinble in ihipi, particularly in men of 
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there may be considerable obstacles; fni 

instance, ic has been often proposed for 
heating hot-houses; but a difficulty occurs 
here, of keeping up a regular heat during 
the night, which could not, with a boiler 
on the common construction, I believe, in 
most cases, be done, without increasing the 
expense of attendants. Were it not for 
this objection, the heat from steam-pipes 
appears to be more genial than that from 
brick Hues; and, in this case, perhaps a 
boiler with a furnace similar to that de- 
scribed in Mr. M'Naught's letter, (Art. 
180,) might be found to answer the pur- 
pose, without any additional expense of 
attendance. 

J 

But in the progress of Improvemei^JI 
obstacles which at present exist to the use 
of steam, may be removed. I have en- 
deavoured plainly to state facts as they are 
at present, and ingenious men may draw 
conclusions from them, which may contri- 
bute to extend the useful application of 
steam to many purposes, to which it is aei 
at present thought applicable. 
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NOTES. 



\ 



\ 



NotB A. 
Messrs. H. Houldsworth & Co. at their 
old mill, Anderston, have a boiler equal to 
that commonly used for a steam-engine of 
twenty-one horse's power. 

But their engine has only the power of 
sixteen horses; there is, therefore, a sur- 
plus power of five horses in the boiler, and 
this is appropriated to the warming of the 
building; for which purpose it is found 
quite sufficient. 

The building consists of the mill in 
front, and a house behind, of the same 
length as the mill; but not so large in its 
other dimensions. 

The mill contains 6 stories, each 116 
feet long, by 27 feet 8 inches wide, by 9 
feet high, equal to 28,8K4 cubic feet. 
Therefore, 28,884 cubic feet multiplied by 
6 stories, is eq\ial to 173,304 cubic feet in 
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the mill. The back house contains 76,696 
cubic feet; the whole is, therefore, 250,000 
cubic feet. Then will 250,000 cubic feet, 
divided by five horses, be equal to 50,000 
cubic feet, the space which a boiler of one 
horse's power will warm in a cotton-i 



Now, reckoning that a horse's power 

occupies 25 cubic feet in a boiler, 50,000 

cubic feet of space, divided by 25, is equal 

to 2,000 cubic feet of space, which may be 

, warmed by 1 cubic foot of boiler. 

It may be proper to observe, that this 
allowance may be considered as perfectly 
sufficient; for the thermometer in the 
often stands above 80° of Fahrenheit. 



mi^ 



■ In the Llnwood cotton-mill, (see Note 
B,) for every cubic foot of boiler, 2,500 
cubic feet of space were warmed up to 70 
degrees of Fahrenheit, under the disad- 
vantages of a newly fitted up building, and 
a large opening for the water-wheel. So 
that wc may safely reckon upon a horse's po'wer 
as being fttUy adequate to -warm 50,000 cubic 
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feet of space, Or^ wkal amounls to the same 
thingy that one cubic foot nf boiler will wann 
2,000 cubic feet of space. 



General abstract relative to several Building9% 
•which }uwe lyeen warmed by Steam. 
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NoteC. (see Art. 195.) 

In June 1806, I made the following 
experiments, in order to try the eflfect on 
the temperature of a room, by increasing 
the current of air over the surface of steam- 
pipes. 

The room was 39 feet long, 22 feet 
wide, and 9 feet high. It contained a group of 
steam-pipes of tin-plate in a vertical posi- 
tion, fitted up and enclosed in a wooden 
trunk, upon Mr. Roberton's plan, (Art. 
195). In order to Increase the current of 
air, a pair of fanners were made to suck it 
out of the upper part of the trunk, and to 
throw it into the room. The fanners 
were 18 inches diameter, and 12 inches 
wide, making (500 revolutions per minute. 

Ex-perimmi \sl. 

F. Therm, 

External air - - - - 61 
Heat of room from steam-pipes, fan- 
ners at rest - - - - 71 
Fanners half an hour in motion raised 
the temperature to - - 76" 
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After the fanners had been 20 min- 
utes at rest, the temperature fell to 73° 

The fanners were put in motion again 
for 15 minutes, which raised the 
temperature to - - - 16° 

Thermometer held in the stream of 
air issuing from the fanners, rose 



104" 



Observations. 
' The temperature of the room before the 
steam was admitted into the pipes, was 
omitted to be noted, but the difference 
between the external temperature and that 
of the room, was, at the beginning of the 
experiment, 10°. The motion of the fan- 
Iners, increased the temperature 5° more. 

E^perimatl 2d. 

JEytemal air, _ _ _ - 
Heat of the room before admitting 

the steam into the pipes, 
Steam in the pipes for an hour, but 
the fanners at rest, raised the tem- 
perature to - - 
I i 
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Fanners in motion for half an hour, 
raised the temperature to - 76* 

Thermometer held in the stream of 
air issuing from the fanners, rose 
to 125 

Observations. 

In experiment 2d, the temperature of 
the room, previously to admitting the 
steam into the pipes, was 7° higher than 
the external air. The steam raised it in 
an hour 4"" more, and the fanners 2* 
higher. 

Hence the fanners appear to have in- 
creased the eflfect of the steam-pipes one- 
half, but it must be confessed, that it 
would require a more extensive and ac- 
curate set of experiments, in order to draw 
satisfactory inferences. In the mean time, 
however, I hope the above facts may not 
be without their value. 



ADDITIONS AND CORRECTIONS. 

Art. 14 — 25. I find, that some of our 
most eminent chemists, are not yet con- 
vinced of the accuracy of Mr. Dalton's 
speculations, with regard to the law of the 
expansion of liquids, and its influence on 
the construction of the thermometer; nor 
are they disposed to admit the alteration 
the thermometric scale, which Mr. 
DaJton proposes. 



Art. 58. Since this article was printed 

off, I have had an opportunity of reading 

* Speeches of H. Brougham, before the 

|,Conimittee of the House ot Commons, in 

Opposition to the gas-light and coke com- 

'" pany." Mr. Brougham there states many 

curious and important facts, two of which 

it will not be improper here to mention. 

jlst, TAat six pounds of coal produces light 

wequal to one pound of talloia. Sid, That the 

fLondon Fire Company ofiered to insure 

Idle works of Messrs. Philips & Lee, after 

I they were lighted by the coal gas, at one 

I half the former prcm'nm. 
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Art. 67. There has never, I believe, 
been any very accurate comparison of Glas- 
gow coal with that of Newcastle. Some 
are of opinion, that it requires about doubk 
the quantity of Glasgow coal to produce 
the same heat as that of Newcastle. 

Art. 68. From the nature of the thing, 
culm must differ much in its efiects in 
producing heat. Therefore, we may ex- 
pect some results very difibrent from diat 
stated in this article. 

Art. 154. It is a good method to make 
xHm faucets with an inner part, no larger 
in diameter than just to fit the spigot. This 
supports the pipe, independently of the 
• cement, and prevents the risk of hurting 
the joint from any external stress. This 
inner faucet is commonly made about two 
inches deep, and has the spigot inserted 
one inch into it. The practice of some, 
is to make the outer faucet, or that which 
contains the cement, six inches deep, for 
all pipes above six inches diameter; and 
to make the faucets of all pipes below six 
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inches, the same depth as the diameter of 
the pipes. 

■ 

It is usual to make the space for the 
cement, all round the spigot, from * to ^ 
an inch; that width is required, in order 
that the cement may be firmly driven into 
the joint. When the space is very nar- 
row, this cannot be done. On the other 
hand, when too wide, there is a waste of 
cement, and a risk of injury from unequal 
expansion. 



page 63, line 22, Jor wood, charcoal, read wood-charcoaL 

— 173, last line, /or Belidores Ar h. Hydraulique, r<ra^ Architect 

ture Hydraulique, par M. Belidore, torn. iii. 
-— ^ 158, for Reaumeur, read Reaumur. 
■ 1 7'1, line 4, 7, 9, and 11, for facet r«^z</ faucet. 

. 17.7, — 5 and 16, for facet read faucet. 

_ 181, — 19, for the valve a, read the valve e. 

I.t2, — 4, 5, and 14, /or guage-cock r«^ gauge-cock. 

I 1 9*-% — 15, for new read next, 

— 223, — 22, for 112 read 212. 
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